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SUMMARY 
In the past , emergency medical services (EMS) have 
been evaluated primarily in terms of input ( e . g . , number of 
ambulances) or process ( e . g . , ambulance response time) 
measures. Although these measures have value in the 
operational management of EMS systems, they do not d irect ly 
assess the ef fect of the EMS system on the pat ient . 
I t is generally recognized that evaluation in terms of 
patient outcome is the ultimate measure of system ef fec t ive ­
ness. Unfortunately, patient outcome research has been 
somewhat l imited, especial ly in relat ion to EMS. Moreover, 
the majority of outcome research has been focused upon f inal 
patient outcome, which represents the additive ef fects of 
a l l medical resources, including EMS, that have been applied 
to patient care. A more appropriate outcome-oriented 
evaluation of EMS needs to consider some measure other than 
f inal outcome in order to i so late those ef fects that are 
d irect ly attr ibutable to EMS intervention. 
This thesis presents the development and val idat ion 
of an EMS evaluation model that is based on the concept of 
intermediate patient outcome. Spec i f i ca l ly , two evaluative 
measures were developed, an index of i n i t i a l condition (IIC) 
and a s tab i l i za t ion outcome measure (SOM). The IIC is a 
measure of the severity of patient condition and the SOM is 
X 
an indicator of the extent to which a pat ient 's condition is 
"stabil ized" as a result of emergency medical treatment. 
Both measures were developed for the speci f ic case of acute 
myocardial infarct ion. 
A multiple l inear regression model was used to develop 
the IIC as a function of v i t a l signs (as measured upon 
arrival of the ambulance on the scene of the emergency), age, 
sex, heart s i z e , and past cardiac his tory. This model was 
found to be a reasonably val id predictor of hospital mortal i ty , 
providing correct c lass i f i ca t ions in 88 per cent of the cases. 
The SOM was also developed through use of multiple 
l inear regression. This model expresses physician perception 
of level of s tab i l i za t ion as a function of age, sex, and both 
pre- and post- intervention measurements of v i t a l s igns. Two 
independent panels of physicians were u t i l i z ed to provide 
subject ive estimates of s tab i l i za t ion . Both intra-panel 
and inter-panel agreement were demonstrated. The result ing 
regression model was highly s ign i f i cant , having a coeff ic ient 
of correlation of + .93 . 
In addition, the relationship between s tab i l i za t ion 
and f inal outcome (in terms of hospital mortality) was 
examined. I t was shown that the "stable" patient has a 
greater chance of surviving than does the "unstable" 




This thesis presents the development and val idation 
of a model to evaluate pre-hospital emergency coronary care 
(PHECC) that is based upon the concept of intermediate 
patient outcome. By way of introduction, the motivation for 
evaluating PHECC and the rationale for basing evaluation on 
patient outcome are discussed. 
Pre-Hospital Emergency Coronary Care 
Each year, approximately one mil l ion persons in the 
United States experience a heart attack or an acute myocardial 
infarction (AMI).''" Of these, i t has been estimated that 55 
to 70 per cent die as a result of the infarction (American 
The medical terminology used throughout the PHECC 
l i terature is by no means consistently applied. Thus, a 
brief explanation of the various terms used is in order: 
Coronary disease, or coronary artery disease, describes a 
degenerative disease of the arteries that supply the heart 
in which the arter ia l wall is progressively narrowed or 
occluded. Other terms used to describe this phenomenon 
include coronary heart disease and ischemic heart disease. 
The principal manifestation of coronary artery disease, the 
"heart attack," represents damage to a portion of the heart 
muscle, the myocardium, since a portion of the heart is 
deprived of oxygen due to arter ia l occlusion. The correct 
term for this manifestation is myocardial infarct ion, 
although coronary thrombosis and coronary occlusion are also 
used. Throughout the remainder of the thes i s , the term 
myocardial infarction or acute myocardial infarction wi l l be 
used. (Selzer, 1966, pp. 149-162) 
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Heart Association Committee on Cardio-Pulmonary Resuscitation 
and Emergency Coronary Care, 1974, p. 838) . The mortality 
from ischemic heart disease is twice that of cancer and over 
seven times that of trauma (Cri t ica l Care Seminar Prospectus, 
1975, p. 1 - 1 ) . In fac t , the American Heart Association 
Committee on Cardio-Pulmonary Resuscitation and Emergency 
Coronary Care states that sudden death from heart attack is 
the "most important medical emergency today" (1974, p. 838) . 
In recent years, the introduction of coronary care 
units (CCUs) have dras t ica l ly reduced the in-hospital mortality 
rate from AMIs through intensive monitoring and aggressive 
management of cardiac patients (Langhorne, 1967, p. 92; 
Huszar, 1974, p. i ) . As Rose and Press (1972, p. 63) point 
out, "once a patient with acute myocardial infarction reaches 
a hospital with a well- equipped and well operated coronary 
care uni t , his chances of surviving are exce l lent ." 
Furthermore, Norris and Caunt (1973, p. 342) observe 
that AMI patients surviving long enough to reach CCUs have a 
mortality rate of 15 to 20 percent, a rate appreciably lower 
than that of overall AMI mortal i ty . Although CCUs have 
reduced mortal i ty , i t is unlikely that further substantial 
improvements can be achieved (Pantridge and Adgey, 1969, 
p. 666 ) . As Sidel (1969, p. 674) reasons, "the residual 20 
per cent of heart attack patients who die in-hospital deaths 
die largely from intractable heart fa i lure and cardiogenic 
shock. The extent of damage to the myocardium probably 
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precludes substantial salvage whatever the vigor of current 
support measures." This sentiment is echoed by many other 
investigators who note the mortality rate of shock associated 
with AMI has improved very l i t t l e despite the ava i l ab i l i t y 
of CCUs (Weil and Shubin, 1973, p. 3 2 ) . 
Perhaps most important is the fact that most deaths 
due to AMI occur before the victim reaches the hospital 
(Pantridge and Adgey, 1969, p. 666; Simon and Alonzo, 1973, 
p. 163) . Different sources c i t e pre-hospital mortality 
rates ranging from 33 per cent to 70 per cent (Sidel , 1969, 
p. 674; Richupan and Anderson, 1975, p. 6 5 ) . Furthermore, 
some 40 to 75 per cent of a l l AMI-related deaths occur within 
one hour of the i n i t i a l conset of symptoms (Fulton, Julian, 
and Ol iver , 1969, p. 182; Pantridge, 1969, p. 666; Adgey 
et a l . , 1969, p. 7607; Carter, 1974, p. 287) . In spite of 
the alarmingly high percentage of sudden deaths, one source 
estimates that some 75 per cent of these deaths might be 
prevented, given prompt emergency treatment (Business Week, 
1969, p. 9 6 ) . 
In recognition of the immense l i fe -saving potential 
of immediate and e f fect ive PHECC, Pantridge and Geddes (1967) 
transposed the concepts of CCUs to pre-hospital intervention 
in the form of mobile coronary care units (MCCUs). Pantridge's 
pioneering ef forts with MCCUs sparked renewed interest and 
ef forts in the delivery of PHECC, and as a resu l t , many 
federal , s ta t e , and local groups have in i t ia ted massive 
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programs aimed at reducing death due to AMI. Such programs 
include, but are not l imited to , new and more sophisticated 
equipment, improved communications and emergency medical 
access, increased training for ambulance personnel, new 
treatment protocols , mass training of lay persons in basic 
f i r s t aid measures ( spec i f i ca l ly cardio-pulmonary resusci­
tat ion) and ident i f icat ion and education of high-risk 
pat ients . If AMI mortality is to be substantial ly reduced 
in a reasonably cos t -e f fec t ive manner, community resources 
must be optimally al located to the most e f fect ive modes of 
intervention. As summarized by participants in the Bethesda 
Conference on Early Care for the Acute Coronary Suspect 
(American College of Cardiology, 1969, pp. 607 -608) , 
Since there are l imited resources available for 
community programs and many needs are to be met, i t 
is important to build a system of evaluation into 
these programs which wi l l determine their ef fec­
tiveness and usefulness on a continuing bas i s . 
Development of a conceptual basis for such a system 
of evaluation is the central purpose of this thes i s . The 
rationale for the approach taken in i t s development is 
elaborated below. 
Outcome Evaluation 
Given the motivation for evaluating programs of PHECC, 
an appropriate evaluative philosophy must be se lected. 
Moreover, se lect ion of an evaluative approach is not a 
problem so le ly l imited to the area of PHECC, but rather, is 
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a central issue in emergency medical services (EMS) evaluation 
as a whole. 
Donnebedian (1966) has c las s i f i ed evaluation of health 
services into three categories- -s tructure , process and 
outcome. Structural , or input measures in EMS generally 
include vehicle counts, service incidents, ambulance equip­
ment, level of personnel training, descriptions of the 
population and area served and specif icat ion of operating 
procedures (Willemain, 1975, p. 144 ) . Process measures deal 
with the dynamic aspects of system eff ic iency such as 
ambulance response times and associated delay times, and the 
frequency and type of aid administered by ambulance personnel 
(Willemain, 1975, pp. 145-146) . F inal ly , outcome measures 
address patient condition and range from aggregate mortality 
rates to complex measures of d i s a b i l i t y based on functional 
status s ix and twelve months after the acute emergency 
episode (Willemain, 1975, pp. 146-147) . 
In the past , EMS have been evaluated primarily in 
terms of structure and process measures (Gibson, 1973, 
p. 428) . Although these types of measures have value in the 
operational management of EMS systems, they do not d irect ly 
assess the ef fects of EMS intervention on the pat ient . As 
Gibson (1974, p. 18) s ta tes , "while evaluation of process is 
a decided, though belated improvement over description of 
structure, i t is no substitute for evaluation of outcome." 
Starf ie ld (1974, p. 39) reinforces this viewpoint in 
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describing outcome as "the ultimate test of the eff icacy 
and effectiveness of medical care." 
As noted above, i t is generally recognized that 
evaluation in terms of patient outcome is the ultimate 
measure of system effect iveness . Unfortunately, patient 
outcome research has been somewhat l imited, especial ly in 
relat ion to EMS. Moreover, the majority of outcome research 
has been focused upon f inal patient outcome, which represents 
the additive ef fects of a l l medical resources, including EMS, 
applied to patient care. A more appropriate outcome-
oriented evaluation of EMS must consider some measure other 
than f inal outcome in order to i so la te ef fects d irect ly 
attr ibutable to EMS intervention. 
Measurement of outcome at points closer to the time 
of EMS intervention would seem to be more pertinent for EMS 
evaluation. In a recent study, Richupan and Anderson (1976, 
p. 67) suggest that outcome be measured prior to admission 
to the emergency department and prior to hospital admission 
in addition to measurement at points on and after discharge. 
Consideration of these intermediate patient outcomes can 
gain further relevance to EMS intervention i f expressed in 
terms compatible with the process and functions of emergency 
medical care. Along this l ine of thought, Myrick (1974) 
defines the function of the EMS system in terms of providing 
s tabi l i z ing care to persons with l i fe-threatening or poten­
t i a l l y disabling conditions. Hence, the approach to the 
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measurement of outcome taken in this thesis is to develop 
"stabi l izat ion outcome" measures which describe the degree 
to which a pat ient 's condition is s tab i l i z ed , after the point 
of EMS intervention. 
Objectives of the Thesis 
Based upon the motivation and rationale for evaluating 
PHECC in terms of s tab i l i za t ion outcome, the following 
objectives were formulated as meaningful and appropriate 
research goals for this thes is : 
1. To develop a c la s s i f i ca t ion scheme for 
categorizing the i n i t i a l condition of acute 
myocardial infarction pat ients . 
2. To develop and tes t a s tab i l i za t ion outcome 
model representing a pat ient 's condition after 
interaction with the EMS system, spec i f i ca l ly 
examining the case of acute myocardial 
infarct ion. 
In the pursuit of the above object ives , an index of 
i n i t i a l condition and a s tab i l i za t ion outcome measure were 
developed. As a prelude to that development, the following 
chapters describe the previous research completed in this 
area and the scope and l imitat ions of the research e f f o r t . 
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CHAPTER II 
REVIEW OF THE LITERATURE 
The following chapter presents a brief review of past 
research in the areas of EMS severity indices and outcome 
measures, as each relates to the present research. Specif i ­
c a l l y , the need for this type of research is addressed, 
followed by a review of past research and an assessment of 
the implications for the present research. 
The Need for Outcome/Severity Research 
Patient outcome is a subject that has received much 
attention in the l i t erature; however, very l i t t l e def in i t ive 
research has been conducted. As stated by Gibson (1974, 
p. 1 0 7 ) , "Ironical ly , the most important aspect of emergency 
medical services--outcome of the pat ient 's condition--has 
been studied l eas t ." Donnebedian (1970, p. 131) reinforces 
the importance of measuring outcomes as he c i tes outcomes as 
"the most concrete indicators of fa i lure or success in care." 
McClure (1973, p. 334-5) views the lack of the use of 
patient outcome measures of quality as a fa i lure to manage 
by object ives . He states that a system which f a i l s to manage 
by object ives tends to maximize on secondary objec t ives . 
For example, consider response time. Many EMS systems use 
response time as a primary design and evaluation cr i ter ion . 
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However, this measure only gives an indirect indication of 
system performance; i t is not exp l i c i t l y linked with outcome. 
In fac t , i t has been suggested that patients in the EMS 
system die or survive "solely as a function of their condition 
and that the only ef fect of EMS expenditures is influencing 
when and where death takes place" (Gibson, 1974, p. 108) . 
Thus, i t seems c lear , i f not mandatory, that outcome in 
conjunction with EMS intervention strategies must be examined 
in order to prove or disprove this hypothesis. 
Gibson (1974, p. 109) further suggests that in order 
to "secure val id measures, a su f f i c i ent ly large series for 
each c l i n i c a l condition and each EMS element wi l l be necessary 
so that the effect of c l in i ca l severity can be factored o u t . . . 
and the independent ef fect of each EMS element on outcome 
may be evaluated." However, in the absence of such large 
s e r i e s , as is the case in almost any pract ical research 
se t t ing , a re l iab le indicator of severity ( e . g . , an index of 
i n i t i a l condition) is necessary. 
Past Efforts in EMS Outcome Research 
Representative of the approaches to EMS evaluation 
which have not considered outcome is a study conducted by 
the Computer Sciences Corporation (1973) for the U. S. 
Department of Transportation. 
Computer Sciences Corporation (1973) 
In this research, i t was concluded that a mathematical 
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evaluation of an EMS system based on exp l i c i t measurement of 
factors such as survival rates , extent of recuperation, 
et cetera, d irect ly related to the quality of an EMS system 
was "di f f icu l t i f not impossible," to attain (1973, p. 4 - 3 ) . 
Therefore, evaluation was based on quantative measurement 
of indirect parameters of system effectiveness and qual i ty . 
These "proxy" factors included extent of emergency care and 
equipment, system audit and monitoring, and system cost 
(1973, p. 4 - 4 ) . 
Investigators Citing Death as an Outcome 
Much of the research in patient outcome has concen­
trated on death, or alternately survival , as an outcome. 
However, as Gibson (1974, p. 109) observes, aggregate death 
rates are poor EMS evaluation measures because EMS has l i t t l e 
ef fect on them. A s l ight refinement in the concept of the 
simple dichotomy of l iv ing versus dead is the notion of 
"salvageable" or "preventable" deaths. As Gibson further 
s ta tes , "EMS outcome measures currently are mainly c l i n i c a l 
impressions from autopsy and other records that a given 
number of deaths were ' sa lvageable ' ." In this regard, 
Rhodes (1975, p. 180) claims that the "concept of salvageable 
or irrevers ible deaths may be the most pract ical and useful 
approach to measuring patient outcome by survival /mortal i ty ." 
This concept is exemplified by the works of Frey et a l . , 
Gertner et a l . , and Rhodes. 
Frey et a l . (1969) Frey et a l . investigated the 
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autopsy protocols of 159 patients dying in t r a f f i c accidents 
in order to determine how many of the victims might have 
survived i f sk i l l ed resuscitat ion had been available in 
pre-hospital care. It was assumed that those performing 
resuscitat ion would have the s k i l l s and equipment necessary 
to e f fec t ive ly administer intravenous f luid therapy and 
endotracheal intubation (1969, p. 293) . Implicit in the 
condition of available resusci tat ive care were assumptions 
concerning the nature of the injury, timing of the resusci­
tat ive e f f o r t , and def ini t ive hospital treatment (1969, 
pp. 2 9 8 - 9 9 ) . This study c la s s i f i ed 28 individuals as 
salvageable. Hence, outcomes were defined in terms of the 
percentage of individuals that were probably salvageable 
given speci f ic intervention strategies (1969, p. 301) . 
Gertner et a l . (1972) . Gertner et a l . later applied 
the "salvageable" concept to injury management in the 
hospi ta l . In this study, hospital records and post-mortem 
examinations of 33 t r a f f i c f a t a l i t i e s due to intra-abdominal 
injuries were reviewed (1972, p. 426) . A l l pat ients , with 
the exception of one, were al ive when reaching the hospi ta l ; 
therefore, attention was directed toward emergency measures 
administered in the hospi ta l . Analyses indicated that half 
the patients could have been salvaged, given prompt and 
proper diagnosis and treatment (1972, p. 431) . 
Rhodes (1975) . Rhodes, as part of the Jacksonville 
experimental Health Delivery System demonstration project 
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extended the concept of salvageable/not salvageable to 
include a s ix point c las s i f i ca t ion of outcome, as fol lows. 
1. Al ive-resusci tated 
2. Alive-death prevented by medical intervention 
3. Alive-no danger of death 
4. Dead-could have been resuscitated 
5. Dead-preventable by medical intervention 
6. Dead-beyond ass i s tance- irrevers ib le 
Accordingly, categories four and five can be considered as 
salvageable. 
Survival as Related to Stabi l izat ion as an Outcome 
The research of Myrick (1974) assumed that patient 
outcome is dependent upon the s tab i l i za t ion procedures 
available to a patient and the associated time that the 
procedures are administered. Three injury categories (airway 
emergencies, f l a i l chest, and ruptured spleen) were chosen 
for study, with survival as the appropriate outcome measure. 
For each of these injury categories , the ef fect on 
patient survival due to spec i f ic intervention strategies 
( s tab i l i za t ion procedures) administered at different times 
was determined. This was accomplished by using a group 
consensus procedure known as the Delphi technique. Using 
this procedure, a group of physicians for each injury category 
was asked to estimate the number of patients expected to 
survive given certain time-treatment combinations. Results 
of this endeavor compared very favorably with speci f ic care 
data from the I l l i n o i s Trauma Registry (1974, pp. v i i - v i i i ) . 
In addition, Myrick commented on the need for 
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consideration of multiple injuries and measures of d i sab i l i t y 
versus survival measures. It was suggested that these 
factors be considered in a similar s tab i l i za t ion methodology 
(1974, pp. 174 -76 ) . 
Indicators of Disabi l i ty /Disfunct ion as an Outcome 
Bush, Blischke, and Berry (1973) have conducted the 
most s igni f icant research with d i sabi l i ty /d i s funct ion outcome 
scales for EMS evaluation. This work is based on a number 
of years of research with health status indices as conducted 
by Bush, Chen, and Zaremba (1971); Bush, Chen, and Patrick 
(1972); and Patrick, Bush, and Chen (1973); among others. 
Bush, Blischke, and Berry (1973) . This research 
proposes the following general outcome model (1973, p. 3 ) : 
Wj = f ( x 1 , x 2 , . . . , x k ) 
where: 
j = index for the function level observed as the 
outcome for a given patient on follow-up. 
Wj = level -of -wel l -being assigned to function level j . 
( x ^ , x 2 , . . . > x ^ ) = values of the explanatory (patient 
condition, structure, and process) variables 
observed for each case, 
f = a functional relationship between the dependent 
variable , Wj , and the independent var iables , x^. 
The dependent variable , Level-of-Well-Being, is a composite 
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outcome measure consisting of three sca les . These scales 
are (1) mobi l i ty , (2) physical a c t i v i t y , and (3) social 
a c t i v i t y . Combinations of different levels of these scales 
y ie ld "at least thirty levels for c lass i fy ing dysfunction 
from complete well-being to death. A unit from 0.0 for death 
to 1.0 for optimum function maps the levels onto a s ing le , 
point in time, scale of well-being" (1973, p. 6 ) . 
Bush et a l . note that the above outcome measure also 
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has a second dimension, prognosis. Prognosis was defined 
as an individual's probabil i ty of transit ion to other 
functional levels over time (1973, p. 6 ) . 
Gibson (1974) 
F inal ly , in a review of EMS research and evaluation, 
Gibson suggests the following set of outcome measures: 
1. Percent of patients who survive. 
2 . D i sab i l i ty days per pat ient , defined as days 
from onset of precipitat ing condition to 
complete resumption of pat ient 's normal role 
and comprising (a) days confined to bed, (b) 
days confined to home although not to bed, 
and (c) days patient could not fu l ly engage in 
normal a c t i v i t i e s because of c l in i ca l condition. 
3. Percent of cases in which patients are 
residual ly impaired in a c t i v i t i e s of daily 
l iv ing . 
4 . Age- and sex-speci f ic death rates from EMS-
related causes of death. 
5. Percent of EMS-related deaths of persons 
entering system before death. 
This part of the index was not yet developed. 
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6. Percent of patients sa t i s f i ed with EMS. 
7. Patient score on the Cornell Medical Index 
(symptom score) 6 months and 12 months after 
EMS incident. 
8. Percent of cases in which patient died at 
scene on arrival of ambulance, at scene after 
arrival of ambulance, en route to hospi ta l , 
and after hospital arr iva l . 
9. Mean number of minutes from onset to death 
(1974, p. 109 ) . 
Past Efforts in the Development of EMS Severity Indices 
The following sections are representative of recent 
research in the development of EMS severity indices. A l l 
of the measures to be discussed are severity of injury as 
opposed to severity of i l lness indices. Although the index 
of i n i t i a l condition developed herein is an index of severity 
of i l l n e s s , i t is f e l t that many of the concepts used in 
the construction of the injury measures are applicable to the 
present research. 
Williams and Schamadan (1969) 
An empirically-constructed index of severi ty , SIMBOL, 
was developed by Williams and Schamadan for the purpose of 
providing uniform i n i t i a l evaluations of accident vict ims. 
The SIMBOL rating is composed of two numbers--one representing 
the patient status (the status score) and another representing 
a pat ient 's potential for recovery (the predictor score) . 
The status score is based on measurement of v i t a l signs 
whereas the predictor score is based on the status score, 
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age, weight, and extent of trauma. The index as presented 
was not val idated. 
Committee on Medical Aspects of Automotive Safety (1971) 
The Committee on Medical Aspects of Automotive Safety 
developed the Abbreviated Injury Scale (AIS) for grading the 
severity of injuries sustained in automobile accidents. 
This scale represents severity in terms of the following ten 
categories: 
0. No injury. 
1. Minor. 
2. Moderate. 
3. Severe (not l i f e - threaten ing) . 
4. Severe ( l i fe - threatening, survival probable) . 
5. Cr i t i ca l (survival uncertain). 
6. Fatal within 24 hours ( fa ta l lesions of single 
region of body, plus injuries of other body 
regions of severity code 3 or l e s s ; fa ta l from 
burns regardless of degree). 
7. Fatal within 24 hours ( fa ta l lesions of a single 
region of body plus injuries of other body 
regions of severity code 4 or 5 ) . 
8. Fatal (2 fatal lesions in 2 regions of body). 
9. Fatal (3 or more fatal injur ies ; incineration 
by f i r e ) . 
Each injury category is characterized by examples of 
injuries part icular to various body systems including "head 
and neck," "chest," "abdomen," "extremities and/or pelvic 
girdle" and "general" in jur ies . The examples l i s t e d under 
each category are rather speci f ic but the investigators note 
that the injuries included "represent the vast majority of 
injuries any investigator is l ike ly to see" (Committee on 
Medical Aspects of Automotive Safety, 1971, p. 280) . 
However, in la ter research, the Committee notes that the AIS 
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tends to be too subjective and thus the cr i t er ia for rating 
injuries are not readily ident i f iable or reproduceable (1972, 
p. 717) . Accordingly, the Comprehensive Injury Scale (CIS) 
was developed (1972, p. 717) . The CIS is very complex and 
d i f f i c u l t to apply. It considers injury by medical specialty 
and scales severity with respect to energy diss ipat ion, 
t h r e a t - t o - l i f e , permanent impairment, treatment period, and 
incidence. An adjustment for age is also included. 
Kirkpatrick and Youmans (1971) 
Kirkpatrick and Youmans' "trauma index" is similar 
to the SIMBOL rating system. I t consists of a simple 
c la s s i f i ca t ion scheme based on eas i ly measured parameters 
avai lable at the scene of the accident and obtainable by 
non-physician personnel. These parameters were c las s i f i ed 
into five categories: 
1. Region of body injured. 
2. Type of injury. 
3. Cardiovascular status . 
4. Central nervous system status. 
5. Respiratory status . 
These categories were further divided into four 
graduations re f l ec t ive of increasing severity ( e . g . , 'drowsy' 
to 'stupor' to 'motor or sensory l o s s ' to 'coma' for central 
nervous system s ta tus ) . These grades of severity were 
arb i trar i ly awarded scores of 1 (minimal), 3 (moderate), 
4 (moderate), and 6 (severe) (1971, p. 711) . This index was 
_ 
Scores of ' 2 ' and ' 5 ' were arb i trar i ly deleted to 
allow some numerical separation between minimal, moderate, 
and severe rat ings . 
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shown to be w e l l - c o r r e l a t e d to s e v e r i t y ( 1 9 7 1 , p . 7 1 4 ) . 
B a k e r , O ' N e i l l , Haddon, and Long (1974) 
Bake r e t a l . deve loped the I n j u r y S e v e r i t y S c o r e ( I S S ) 
as an e x t e n s i o n o f the Committee on M e d i c a l A s p e c t s o f 
Au tomot i ve S a f e t y ' s A I S as a method f o r a s s e s s i n g s e v e r i t y 
o f m u l t i p l e i n j u r i e s . S p e c i f i c a l l y , the I S S i s based on 
c a t e g o r i e s one t h rough f i v e o f the A I S . The I S S was d e f i n e d 
as " t h e sum o f the s q u a r e s o f the h i g h e s t A I S g rade i n each 
o f the t h r e e most s e v e r e l y i n j u r e d a r e a s " o f the body ( 1 9 7 4 , 
p . 1 9 0 ) . T h i s measure was shown to be r e a s o n a b l y c o r r e l a t e d 
w i t h m o r t a l i t y . 
Semmlowe and Cone (1976) l a t e r con f i rmed the v a l i d i t y 
o f the I S S . S p e c i f i c a l l y , a s t r o n g r e l a t i o n s h i p between the 
I S S and m o r t a l i t y was demons t ra ted based on an a n a l y s i s o f 
8 ,852 c a s e s f rom the I l l i n o i s Trauma R e g i s t r y . 
C o w l e y , S a c c o , G i l l , Champion, L o n g , C o p e s , G o l d f a r b , and 
S p e r r a z z a (1974) 
Cowley e t a l . deve loped a " p r o g n o s t i c i n d e x f o r s e v e r e 
t rauma" based on a s e l e c t e d s e t o f p h y s i o l o g i c a l and 
b i o c h e m i c a l measurements . T h i s s e t o f pa rame te r s i n c l u d e d 
s y s t o l i c b l o o d p r e s s u r e , h e m a t o c r i t , f i b r i n o g e n , p o t a s s i u m , 
o s m o l a l i t y , and c r e a t i n i n e . The measured v a l u e s o f t h e s e 
pa ramete rs were combined i n t o an i n d e x o f s e v e r i t y u s i n g 
the m a t h e m a t i c a l concep t o f E u c l i d e a n D i s t a n c e . T h i s concep t 
e n a b l e s the v a l u e s o f the pa rame te rs to be e x p r e s s e d i n terms 
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of their re lat ive deviation from "normal." Close 
lat ions with physician assessment of prognosis and 
survival were demonstrated. 
Implications for the Present Research 
Several s ignif icant conclusions can be drawn from this 
br ief review of past patient outcome/severity research. The 
most obvious and important observation is that the re lat ion­
ships between EMS intervention, sever i ty , and patient outcome 
is long overdue for intensive invest igat ion. Spec i f i ca l ly , 
with respect to outcome: 
•Too much emphasis has been placed on death 
as an outcome. 
•The d i sabi l i ty /d i s funct ion outcome measures, 
while being good indicators of long term 
outcomes, may not be strongly related to EMS 
intervention. Thus, a more appropriate and 
sensi t ive outcome measure is needed. S t a b i l i ­
zation outcome appears to be a promising 
concept. 
•The d i sabi l i ty /d i s funct ion measures are d i f f i c u l t 
to apply and are very time consuming. A simpler 
system of outcome measurement is needed. 
And with respect to severity: 
• I t is both feas ible and desirable to develop 
a numerical index of severity . 
•The index of severity should be composed of 
eas i ly measured and readily available information 
such as the indices of Williams and Schamadan 
(1969) and Kirkpatrick and Youmans (1974) . 
The present research considers the factors mentioned 
above and through the achievement of the objectives of the 
corre-
with 
Euclidean Distance is further discussed on page 39. 
thes i s , develops an index of i n i t i a l condition and 
s tab i l i za t ion outcome measure. 
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CHAPTER I I I 
SCOPE AND LIMITATIONS 
The scope of the present research is l imited to the 
development of two evaluative measures, an index of i n i t i a l 
condition and a s tab i l i za t ion outcome measure. As previously 
described, the index of i n i t i a l condition is a measure of 
severity of patient condition and the s tab i l i za t ion outcome 
measure is an indicator of the extent to which a pat ient 's 
condition is "stabil ized" as a result of emergency medical 
treatment. Both measures were developed for the speci f ic 
medical emergency of acute myocardial infarct ion. Although 
the present application is condit ion-speci f ic , i t i s hypothe­
sized that the method of approach is va l id for other 
conditions as wel l . 
The following sections describe the scope and 
l imitat ions of the study population and the method of data 
co l l ec t ion . 
The Study Population 
The population chosen for study was comprised of a l l 
patients discharged with a f inal diagnosis of acute myocardial 
infarction from a 400-bed general hospital^ during the 
^Since only one hospital was studied, i t was not possible 
to determine the extent to which outcome is a function of the 
hospital at which the patient receives treatment and, ipso 
fac to , the emergency department treatment protocol in that 
part icular hospital . 
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period from January 1, 1975 to December 31 , 1975. No 
attempt was made to verify the infarct ion. 
Emergency cases were identi f ied by specifying that 
each patient must have been transported to the hospital by 
an ambulance and admitted through the emergency room. 
Furthermore, only those cases handled by the county emergency 
medical service were included in the analysis .^ As a result 
of this data se lect ion process, a tota l of 93 cases was 
obtained. 
I t should be noted that these cases represent only 
part of the population of interest . This sample does not 
include those AMI patients who (1) used private transporta­
tion to the hospi ta l , (2) experienced sudden death before 
arrival of an ambulance or (3) experienced an AMI in the 
hospital as a complication secondary to another complaint. 
Data Collection 
7 
Information concerning the 93 cases was col lected on 
a retrospective basis from the ambulance run report (Appendix 
A ) , the emergency department report (Appendix C ) , and other 
hospital medical records. In general, the data describe 
Several other ambulance providers accounted for a 
small proportion of the AMIs transported to the hospital 
during the study period. Rather than attempt to analyze the 
e f fect of this additional variable ( i . e . , ambulance company) 
based on a l imited number of cases, only the major provider 
was included in the study. 
7 
A special form was designed for the purpose of 
abstracting information from patient records (see Appendix B) . 
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selected characterist ics of the pat ient 's episode of i l lnes s 
and past medical history. Spec i f i ca l ly , due to the nature 
of the research,emphasis was centered on the pre-hospital 
phase of the i l l n e s s . Accordingly, Tables 1 and 2 in 
Chapters IV and V, respect ively , present the basic data sets 
on which the two models (the index of i n i t i a l condition and 
the s tab i l i za t ion outcome measure) were based. 
I t should be noted that absolutely no information 
identifying individual pat ients , the hospi ta l , or the 
physicians were recorded in the data co l lect ion process. 
These restr ic t ions were necessary to assure conf ident ia l i ty 
of patient records and did not l imit the research in any 
manner whatsoever. 
The Retrospective Approach 
As previously noted, data were col lected retrospec­
t i ve ly from past patient records rather than prospectively 
in a spec i f i ca l ly designed protocol . A prospective study is 
usually preferred for a number of reasons. Among these are: 
1. Minimization of observer error--Observers can 
be trained in proper data col lect ion methods. 
In a retrospective study, the investigator has 
no control over the quality of data recording. 
2. Standardization of data co l lect ion methods--
Instrumentation and equipment can be cal ibrated 
and checked for accuracy; observers can be 
trained to follow consistent decision rules 
in questions requiring judgment. 
3 . Collection of data that are not routinely 
available--Exacting data requirements suiting 
the particular research ef fort can be obtained. 
2 4 
On the other hand, prospective studies are usually-
cost ly and time-consuming. For these and other reasons, 
retrospective studies are often chosen by default . However, 
in the present case, the retrospective approach was chosen 
by design in order that the evaluative measures could be 
based so le ly upon presently avai lable data. Such measures 
would have the advantage of being immediately useful in not 
only the community being examined, but in other areas as 
wel l , since almost a l l of the data col lected are standard in 
most patient record-keeping systems. 
Given that data are col lected retrospect ive ly , one 
must recognize the inconsistencies introduced by poor data 
qual i ty . These inconsistencies compound the d i f f i c u l t i e s 
associated with the study of already "fuzzy" phenomena such 
as severity and outcome and thus represent a l imitat ion of 
the models developed herein. However, there is value in 
determining the extent to which presently avai lable data 
can be used to develop such evaluative models. 
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CHAPTER IV 
DEVELOPMENT OF AN INDEX OF INITIAL CONDITION 
As Peel et a l . (1962, p. 745) expressed i t so wel l: 
The wide variation in severity of cardiac infarction 
is well known. At one extreme the patient is 
admitted in severe irrevers ible shock, cold, clammy, 
and dazed with a rapid feeble pulse , low or perhaps 
immeasurable blood pressure, and widespread changes 
of severe degree in the cardiogram: his chances 
of surviving are indeed slender. At the opposite 
extreme is the patient with cardiac pain, perhaps 
f e l t only on e f f o r t , of good colour, without shock, 
or breathlessness, with normal pulse and blood 
pressure, and with l imited cardiographic changes: 
such a patient is most unlucky i f he does not 
survive the acute stage. Between these a l l possible 
graduations are met . . . It seemed to us that a 
numerical system might be devised that would express 
severity . . . . 
I t is on this rationale that an index of i n i t i a l condition 
for AMIs is developed. 
Coronary Prognostic Indices 
Much can be learned toward the development of an 
index of i n i t i a l condition for AMIs by examining the develop­
ment of coronary prognostic indices (CPIs). CPIs provide a 
measure of severity of infarction very similar to the 
proposed index except that CPIs have been developed only for 
data measured on or after admission to the hospita l . Hence, 
a brief review of CPIs fol lows. 
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Peel et a l . (1962) 
One of the f i r s t e f forts which could be c la s s i f i ed as 
a CPI was developed by Peel, Semple, Wang, Lancaster, and 
Dall in 1962. This index was based on a number of factors 
ident i f ied by the investigators through past experience as 
being important with respect to immediate prognosis. These 
factors are age, sex, previous cardiac his tory, degree and 
severity of shock, presence and severity of heart fa i lure , 
cardiac rhythm, and the nature and extent of cardiographic 
s i gn s . 
An index of severity based on the above factors was 
empirically constructed by assigning a numerical "weight," 
or measure of importance, to each of the factors and summing 
the weights present for a particular patient to obtain a 
prognostic score. This score was demonstrated to be ref lec ­
t ive of mortal i ty . 
The spec i f ic method by which this index was developed 
involved the following steps: 
1. A weight was arb i trar i ly assigned to each factor 
based on the invest igators ' general c l in i ca l impression of 
i t s re la t ive contribution to prognosis. 
2. A series of patient cases was independently 
assessed by two physicians, and a score was calculated for 
each case. At the same time, weights were amended, and 
factor definit ions were c lar i f i ed as necessary to obtain 
consistency. 
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3 . As a test for v a l i d i t y , scores were calculated 
for two additional sets of pat ients . The magnitude of the 
index with respect to mortality was then compared across 
the three groups of pat ients . Consistency was reasonably 
demonstrated. 
4. The three series were combined in order to develop 
a parti t ioning of the index score associated with expected 
prognosis. The result was four categories in which mortality 
increased from three percent i f the index is in the 1 to 8 
range to 88 percent in the range above 20. 
Hughes et a l . (1963) 
Hughes, Kalbf le isch, Brandt, and Costi loe (1963) 
developed a CPI using the method of l inear discriminant 
analysis to s t a t i s t i c a l l y generate the factor weights. This 
method was selected because, unlike the method employed by 
Peel et a l , , i t is object ive and "allows for consistent 
quantif ication of each factor" included in the analys is . In 
addition, Hughes et a l . note that discriminant analysis has 
been described as the method which most c lose ly approximates 
the aggregation of c l i n i c a l judgments (Overall and Wil l iams, 
1961) . 
P 
The discriminant model was of the form Z. = E x . . B . . 
j j = i u u 
where x ^ is the measured value of a part icular variable i 
(for a tota l of p variables) for patient j and . is the 
corresponding discriminant weight. Zj represents the 
predicted value of Z . , where Z. was defined as fol lows: 
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n no. of survivors in the sample . R M A T . Z. = - r — T — = 7? TT-—r—*—irzr- T — > i t the patient j to ta l no. of patients in the sample ' s u r v i v e s 
no. of non-survivors in the sample . r * 
= - — - — s 3 -r-—X—• IRR —R— , i f the patient tota l no. of patients in the sample * ^ r r d ies . 
Since the values of Zj and x . j were known, the B .̂. (weights) 
were calculated so as to y ie ld maximum separation between 
the scores of survivors and non-survivors. 
Variables ( factors) included in the analysis were 
selected on the basis of their significance with respect to 
mortal i ty . Both single variables and pairs of variables 
(ref lect ing interaction e f fects ) were included. In a l l , 
fourteen dif ferent variables and eight interactions were 
chosen for inclusion. 
Using the calculated weights, discriminant scores were 
computed for each of the patients in the sample. An optimum 
separation point of Z = +.23 was then found by minimizing 
the number of misc lass i f icat ions ( e . g . , a non-survivor 
c l a s s i f i e d as a survivor, or vice versa, as indicated by the 
discriminant score ) . Thus, patients with scores of greater 
than +.23 are predicted to l ive and a l l others are predicted 
8 
to d ie . Using this approach, a misc lass i f i cat ion rate of 
83.3 per cent was obtained. 
g 
The misc lass i f i cat ion rates of the CPIs reviewed 
herein are compared in Table 32 (p. 115) . 
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Shubin et a l . (1968) 
Shubin, A f i f i , Rand, and Weil (1968) developed a CPI 
s p e c i f i c a l l y for myocardial infarctions complicated by the 
presence of cardiogenic shock. The index was constructed 
using l inear discriminant analysis and was based on hemodynamic 
measurements only. These parameters included sys to l i c and 
d ias to l i c blood pressure, appearance time, mean circulat ion 
time, cardiac index, stroke index, central blood volume, 
res is tance , and pulse pressure. A l l were measured four hours 
9 
prior to discharge or death. 
Discriminant functions were derived for a l l combina­
tions of two and three variables ( l imited to no more than 
three variables due to the extremely small sample s ize of 
20 pa t i en t s ) . The "best" discriminant function (that which 
yielded the lowest probabi l i ty of misc lass i f i cat ion) was 
found to include d ias to l i c blood pressure and stroke index 
and was computed as fol lows: Discriminant function score = 
.0166 (d ias to l i c pressure) + .01852 (stroke index). This 
index was applied to a second set of patients with a 
correct misc lass i f i cat ion rate of 93 per cent. 
Norris et a l . (1969) 
Norris, Brandt, Caughey, Lee, and Scott (1969) 
developed a CPI which included age, posit ion of in farct , 
a 
The authors hypothesized that the values of the 
parameters would be most l ike ly to show the greatest 
difference between survivors and non-survivors at this 
time. 
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a d m i s s i o n s y s t o l i c b l o o d p r e s s u r e , h e a r t s i z e , deg ree o f 
l ung f i e l d c o n g e s t i o n , and h i s t o r y o f p r e v i o u s i s c h e m i a . 
These v a r i a b l e s were s e l e c t e d because each was shown to be 
i n d e p e n d e n t l y r e l a t e d to m o r t a l i t y i n p r e l i m i n a r y a n a l y s e s . 
A n u m e r i c a l i n d e x s i m i l a r to t h a t o f Hughes e t a l . was 
c o n s t r u c t e d u s i n g l i n e a r d i s c r i m i n a n t a n a l y s i s . Th rough the 
use o f the r e s u l t a n t i n d e x , the sample o f p a t i e n t s was 
d i v i d e d i n t o s i x s u b - g r o u p s w i t h i n c r e a s i n g m o r t a l i t y from 
t h r e e to 78 p e r c e n t . C l a s s i f i c a t i o n e r r o r was not 
a s s e s s e d . 
I t s h o u l d be no ted t h a t the d i s c r i m i n a n t a n a l y s i s was 
a p p l i e d i n a manner somewhat d i f f e r e n t from the p r e v i o u s l y 
no ted s t u d i e s . P r i o r to a p p l i c a t i o n o f the m o d e l , the d a t a 
were coded i n a manner r e f l e c t i v e o f m o r t a l i t y encoun te red 
i n the p r e l i m i n a r y a n a l y s e s . F o r e x a m p l e , c o n s i d e r the 
v a r i a b l e , deg ree o f l ung c o n g e s t i o n . I f the l ung f i e l d s 
were n o r m a l , the v a r i a b l e was coded as z e r o ; i f venous 
c o n g e s t i o n was p r e s e n t , a code o f . 3 was a s s i g n e d , i n t e r ­
s t i t i a l edema was coded as . 6 , and pu lmonary edema as 1 . 0 . 
Verdouw e t a l . (1975) 
Verdouw, H a g e m e i j e r , D o r p , van der Vorm, and 
H u g e n h o l t z (1975) g e n e r a l i z e d the approach used by S h u b i n 
e t a l . as they deve loped a C P I based s o l e l y on hemodynamic 
pa rame te rs and v a l i d f o r AMIs bo th w i t h and w i t hou t the 
p r e s e n c e o f s h o c k . T h i s p r o s p e c t i v e s t udy a s s e s s e d the 
e f f e c t s o f h e a r t r a t e ( H R ) , s y s t o l i c b l o o d p r e s s u r e ( S P ) , 
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d ias to l i c blood pressure (DP), pulmonary capi l lary pressure 
(PCW), and mixed venous oxygen saturation (MV02 sat) on 
survival two to three weeks after infarct ion. 
Two prognostic indices were developed as a result of 
this study. The f i r s t was constructed by examining the 
differences in survivors and non-survivors with respect to 
the above variables and selected combinations, e . g . , 
DP/PCW, MV02sat/PCW, (SP X MV0 2sat)/PCW, (DP X MV0 2sat)/PCW, 
(DP X MV0 2sat)/(PCW X HR) using the student's t - t e s t . 
(DP X MV02sat)/PCW yielded the most s ignif icant difference 
(p < .005) between the two groups. Using this index, a 
misc lass i f i cat ion rate of 9 per cent was obtained. 
Linear discriminant analysis was also used to examine 
the discriminating power of the selected var iables . The most 
powerful index consisted of .024(SP) + .217(PCW) + .234(MV0 2 sat ) . 
Using this index, a misc lass i f i cat ion rate of 10.7% was 
obtained. 
Conclusions Drawn from Past CPI Research 
The CPI of Peel et a l . has the singular disadvantage 
of being based on subjective weightings and thus not eas i ly 
reproduced. In addition, Peel's index, as well as that of 
Hughes et a l . , employ vague c l in i ca l terms such as "shock" 
and "congestive heart f a i l u r e , " the assessment of degree 
being open to considerable variation in interpretation. As 
Norris et a l . (1969) have observed, these types of terms, 
i f not r ig id ly defined, can lead to the development of 
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circular arguments in subsequent analyses. Al so , inclusion 
of such judgmental variables may require that a physician 
only can adequately apply these indices . 
Conversely, the indices of Norris et a l . , Shubin et a l . , 
and Verdouw et a l . , while consisting of only object ive ly 
measured variables , include data that are not available in 
the prehospital phase of infarct ion. In addition, the Shubin 
index is overly re s tr i c t ive for the purposes at hand since 
i t only applies to cases of AMI complicated by cardiogenic 
shock. 
Several conclusions d irect ly related to development 
of the index of i n i t i a l condition can be drawn from the 
preceding review of CPIs. These include: 
1. A l inear s t a t i s t i c a l model has been found to be 
appropriate for construction of a severity index for AMIs. 
2. Linear models are widely used in this type of 
research. 
3. Hemodynamic parameters have been found to be 
appropriate indicators of severi ty . 
4. The type of approach employed by Norris et a l . 
and Verdouw et a l . appears to be applicable to the present 
research. 
Such a requirement would be undesirable and probably 
infeas ible for large-scale research e f f o r t s . In addition, 
variations among individual physicians would present 
problems. 
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Conceptual Development of the Index 
In order to make val id inferences concerning the 
differences in s tab i l i za t ion outcomes of a given group of 
AMI pat ients , the characterist ics of that population must 
i n i t i a l l y be homogeneous. However, few patient populations 
are naturally homogeneous due to the immense number of patient 
and condit ion-specif ic variables to be accounted for (such 
as those noted in the previous sec t ion) . Thus, when attempting 
to examine the outcome of a particular action on a given 
population, i t is necessary to "control" the bias introduced 
by the characterist ics of that population. 
One way to el iminate,or minimize, this bias is to 
divide the population into sub-groups, where each sub-group 
is composed of patients with similar character i s t ics . Since 
we are interested in outcome, i t follows that these sub-
groupings should be structured in a manner so as to "factor-
out" or control those characterist ics that affect outcome. 
Insomuch as the characterist ics of interest have an ef fect 
11 
on outcome, they can be considered in terms of prognosis. 
Feinstein (1972) has formalized the above reasoning 
into a method known as prognostic s t r a t i f i c a t i o n . As 
Feinstein (1972, p. 286) s tates : 
In order to remove or reduce the e f fects of prognostic 
heterogenity, the original cohort can be divided 
Prognosis can be defined as the "prediction of 
course and end of disease, and outlook based on i t . " 
(Taber, 1970) 
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into sub-groups, or s trata , of members who are similar 
in their prognostic expectations. The results of 
the therapeutic or other maneuvers are then compared 
within the same prognostic stratum. The divis ion 
of cohort populations into prognostic strata that 
have different suscept ib i l i t i e s for the target event 
[outcome] is a s c i e n t i f i c necessity of c l in i ca l 
epidemiologic research. 
The nature and form of the i n i t i a l condition c l a s s i f i ­
cation can be further delineated by more precisely defining 
the relationship between i n i t i a l condition and prognosis. 
To begin, due to the nature of the evaluation, i t is necessary 
to represent patient condition prior to extensive emergency 
medical intervention. Accordingly, c la s s i f i ca t ion of 
i n i t i a l condition can be thought of as a means of describing 
the degree of "severity" of a pat ient 's i l l n e s s , upon 
i n i t i a l contact with the EMS system. The degrees of severi ty , 
of the levels of i n i t i a l condition, are associated with 
12 
estimates of short-term prognosis. 
Development of the S t a t i s t i c a l Model 
A multiple l inear regression model was used to 
develop the index of i n i t i a l condition. Conceptually, this 
model expresses the dependent var iable , outcome, as a function 
of a number of independent var iables . 
13 
The dependent variable , survival , is a dichotomous 
The i n i t i a l condition c las s i f i ca t ions wi l l be 
indicative of prognosis only in a s ta t i c sense, as they are 
derived from a single measurement and are not based on 
examination of patient status over a period of time or after 
introduction of prescribed therapeutic maneuvers. 
13 
The multiple l inear regression model with a 
dichotomous dependent variable is equivalent to Hughes et a l . 
(1963) discriminant analysis formulation. 
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indicator (patient l ives or patient dies) of short term 
outcome and, in this instance, is measured at discharge 
from the hospita l . For the typical AMI pat ient , the time 
interval involved is usually in the range of f i f teen to 
th irty days after admission, providing that the patient 
survives. Hospital survival was selected over long-term 
mortality since this research is directed toward the 
immediate outcome of the acute emergency episode. 
The independent variables can be divided into (1) 
predisposing and (2) episodic var iables . Pre-disposing 
variables describe s ta t i c characterist ics of the patient 
which increase the pat ient 's suscept ib i l i ty to infarct ion. 
These variables include age, sex, weight, heart s i z e , and 
14 
previous patient his tory. Although these variables are 
not generally associated with a part icular episode of i l l n e s s , 
each has been shown to have an ef fect on outcome. 
Episodic variables are direct measures of a pat ient 's 
c l i n i c a l status at a particular point in time. These 
variables include sys to l i c blood pressure, pulse rate , 
respiration rate , pupil status and level of consciousness. 
"^The information afforded by inclusion of the patient 
history variables i s , of course, l imited to those previous 
conditions that were appropriately diagnosed and entered 
into the pat ients ' medical records. (For example, the ef fect 
of a previously undiagnosed infarction on severity of i l lnes s 
cannot be assessed in the model described herein.) 
1 5 S e e Peel et a l . (1962) , Hughes et a l . (1963) , 
Norris et a l . (1969) , Fulton et a l . (1969) , Chiang et a l . 
1970) , McGuire and Kroll (1972) , and Burggrat and Parker 
1975) . 
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Since i t was desired to develop a severity index based 
on pre-hospi ta l , pre-treatment information, the episodic 
variables included in the model were necessarily l imited. 
This r e s t r i c t i o n , compounded by the l imitations of retrospec­
t ive data co l l ec t ion , l imited the data available for inclusion 
in the model to that information contained within the ambu­
lance run report (see Appendix A ) , which is the only 
pre-hospital data col lect ion instrument presently available 
in the system under study. 
Conversely, se lect ion of the pre-disposing variables 
was not l imited by the information available from pre-hospital 
sources since these variables are considered to be non-time 
dependent. 
The basic data set on which the index was developed 
is shown in Table 1. Included are both pre-disposing and 
episodic variables and their corresponding codes. It should 
be noted that a number of "interaction" terms are also 
included (an interaction represents some interdependency 
between two or more var iab le s ) . 
In the present analys is , only selected interactions 
were considered. These interactions were chosen on the basis 
of known c l in i ca l re lat ionships . For example, in cardiogenic 
shock, the interaction between blood pressure and pulse rate 
is well known. As the blood pressure f a l l s to dangerously 
low l e v e l s , cardiac output decreases, and the pulse rate 
often becomes very rapid and "thready." 
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T a b l e 1. B a s i c D a t a S e t f o r the I ndex o f I n i t i a l C o n d i t i o n 
V a r i a b l e Symbol Code 
Age 
Sex 




L e v e l o f C o n s c i o u s n e s s CONS 
Weight WT 
H i s t o r y o f P r e v i o u s 
I n f a r c t i o n ^ HISTMI 
H i s t o r y o f P r e v i o u s 
A n g i n a ^ HISTANG 
H i s t o r y o f P r e v i o u s 
H y p e r t e n s i o n ^ HICDA 
H i s t o r y o f P r e v i o u s 
D i a b e t e s ^ H I S T D I A 
H i s t o r y o f P r e v i o u s 
C o n g e s t i v e H e a r t 
F a i l u r e d H ISTCHF 
H e a r t S i z e e S I Z E 
P u l s e P r e s s u r e 0 
( a m b u l a n c e ) a APP 
S y s t o l i c B l o o d P r e s s u r e 
( a m b u l a n c e ) a ASBP 
D i a s t o l i c B l o o d 
P r e s s u r e (ambulance) ADBP 
P u l s e Ra te ( a m b u l a n c e ) a APULS 
R e s p i r a t i o n Ra te 
( a m b u l a n c e ) 3 ARESP 
S y s t o l i c B l ood P r e s s u r e 
x P u l s e R a t e a CR0SS1 
D i a s t o l i c B l o o d P r e s s u r e 
x P u l s e R a t e a CR0SS2 
P u l s e P r e s s u r e x 
P u l s e R a t e a CROSS3 
(b) 
0=male l = f e m a l e 
0=equa l l = u n e q u a l 2 = d i l a t e d 
3=no r e s p o n s e 
0=normal l = d a z e d 2=con fused 
3 = u n c o n s c i o u s 
0=not obese l = o b e s e 
0=no l = y e s 
0=no l = y e s 
0=no l = y e s 
0-no l = y e s 
0=no l = y e s 










Table 1 (concluded) 
Variable Symbol Code 
Respiration Rate x 
Pulse Rate a CROSS4 (b) 
Respiration Rate x 
Pulse Pressure 2 1 CR0SS5 (b) 
Euclidean Distance at 
Scene a AEUCLID (b) 
Measured on arrival of the ambulance on the scene 
(from the ambulance run report ) . 
No code required. 
Equal to sys to l i c blood pressure minus d ias to l i c 
blood pressure. 
^Presence ascertained from the pat ient 's history in 
the medical record. 
e 
Verif ied by chest x-ray taken within 24 hours of 
admission in approximately 75 per cent of the cases. 
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One type of interaction that deserves special 
attention involves the concept of "Euclidean Distance." 
Previously Cowley et a l . (1974, p. 1029) demonstrated the 
use of this concept in the evaluation of a trauma pat ient 's 
c l in i ca l s tatus , and as a result developed an index of 
severi ty . The Euclidean distance measurement allows one to 
express a value in terms of i t s derangement from normality. 
Brief ly stated, Euclidean distance, | E ( a , b ) | , is defined for 
any two points , a and b, in n-dimensional space, such that: 
| E ( a , b ) | = K^-b^2 + ( a 2 - b 2 ) 2 + . . . + ( a n - b n ) 2 ] 1 / 2 
where, in the particular application reported here, 
a = (a-^, a 2 , a n ) = measured physiological 
var iables , and 
b = (b^, b 2 > b ) = "normal" or "desired" values 
of the var iables , 
Cowley et a l . observe that there is an "obvious 
disadvantage" to calculating the Euclidean distance between 
a and 5 as defined. They note that variables having high 
values and large variances usually dominate the distance 
measurement, although they may not be the most c l i n i c a l l y 
s ign i f i cant . Accordingly, Cowley et a l . suggest that the 
measurements be s t a t i s t i c a l l y normalized to f a c i l i t a t e the 
interpretation of c l i n i c a l l y abnormal values. 
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In the present research, the values of each of the 
"if. 
variables were normalized as follows: 
a. -b . 
N. - - i — i 1 a. 
where a. = measured standard deviation of variable i . 
1 
The a were defined as the values of measured physio­
log ica l variables , spec i f i ca l ly pre-treatment measurements of 
sy s to l i c blood pressure, d ias to l i c blood pressure, pulse 
rate , and respiration rate . The b were defined as the values 
of the v i t a l signs taken upon discharge from the hospital 
(for survivors on ly ) . Rather than relying on a single 
measurement, the average of the las t four recorded values 
(usually measured during the f inal 24 hours of the hospital 
stay) was used. 
The Mathematics 
Mathematically, the regression model can be described 
17 
as fol lows: 
i 
Y. = B A + B T . x- . + B ~ . x_ . + . . . + B , . x. . + e. 
J 0 l j LJ 2j 2j kj Vj 3 where is the value of Y^ predicted by the regression 
"^The variables included in the measure are sys to l i c 
and d ias to l i c blood pressure, pulse rate , and respiration rate 
To be found in any standard text on s t a t i s t i c s . 
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equation and where, 
Y. = j * ' * 1 observation on the dependent var iable , 
3 hospital survival (the measured outcome at 
discharge from the hospital of patient j as a 
result of a particular acute emergency episode). 
+• v> 
x . . = j observation on independent variable i 
1 ^ (measured values of a particular variable i , 
such as age or pulse rate for a particular 
patient j ) . 
e. = residual for observation j (random error present 
1 in the model). 
B . . = s t a t i s t i c a l l y f i t t ed coeff ic ient of regression 
1 corresponding to independent variable i ( i > 1 ) . 
BQ = s t a t i s t i c a l l y f i t t ed constant term. 
i = 1, 2, k independent variables . 
j = 1, 2 , . . . , n cases. 
The mathematical objective of the regression analysis 
is to solve for the B . . that y ie ld the "best" s t a t i s t i c a l 
"fit" to the data. This can be accomplished by specifying 
an error function for the given model and solving for the 
B^j so as to minimize this error. 
The appropriate measure of error to be minimized is 
known as the "least squares," or sum of squared error, 
function and is defined as: 
n ? n r 7 
L = Z eT= Z ( Y . - Y . ) 
j = l 3 j = 1 J 1 
where Y. = value of predicted by the regression equation 
Taking part ia l derivatives of L with respect to the 
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B ^ j and equating to zero yields p = k+1 normal equations. 
Assuming that the function is d i f f erent iab le , simultaneous 
solution of the result ing p equations in terms of the p 
unknowns (Bq, B^j, . ) y ie lds p least square estimates 
o f the B . . . 
In pract ice , the above calculations are performed on 
a d ig i ta l computer. Accordingly, a set of "packaged" 
computer programs were used to develop and analyze the model. 
Spec i f i ca l ly , the REGRESSION subroutine of the S ta t i s t i ca l 
Package for the Social Sciences (SPSS) program was used 
(Nie et a l . , 1975) . 
It should also be noted that for some types of 
research problems, i t is appropriate to consider the 
independent variables on a one-by-one basis for inclusion 
in the model. In this case, independent variables are 
usually "entered" in the model on the basis of some pre-
established s t a t i s t i c a l cr i ter ion . The cr i ter ion generally 
used is related to the degree to which particular independent 
variable "explains" the variation of the dependent var iable , 
when the ef fects of a l l other independent variables are held 
constant ( e . g . , the part ia l correlation of independent 
variable i with respect to Y j ) . 
This inclusion procedure is used when "a researcher 
wishes to i so la te a subset of available predictor independent 
variables that w i l l y ie ld an optimal prediction equation with 
as few terms as possible" (Nie et a l . , 1 9 7 5 ) . Certainly, this 
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feature is desirable for the index of i n i t i a l condition as 
i t w i l l allow the index to be reduced to i t s simplest form. 
18 
The "stepwise" method of inclusion was spec i f i ca l ly 
used to se lect the appropriate subset of var iables . Draper 
and Smith (1966, p. 172) consider this method to be the best 
of the variable se lect ion procedures and recommend i t s use. 
Analysis of the Model 
The s t a t i s t i c a l properties of the regression model 
were analyzed in three stages . F i r s t , the usual s t a t i s t i c a l 
tests dealing with "significance of regression" were performed. 
19 
Secondly, the model residuals were examined in order to 
tes t the assumptions of the model. Thirdly, the predictive 
accuracy, or conversely the misc lass i f i cat ion rate , of the 
model was calculated. 
Testing for s ignif icance of regression involves 
test ing the hypothesis that the regression coeff ic ients are 
a l l equal to zero. Acceptance of this hypothesis indicates 
that no l inear relationship exists between the independent 
variables and the dependent variable . This hypothesis can be 
represented as fol lows: 
x o Readers unfamiliar with the speci f ics of this 
procedure are referred to Draper and Smith (1966) . 
19 
The model residuals are defined as the n differences 
ej = Y j - Y j j , i = l , 2 , . . . , n where Y- is the observed value of 
the dependent variable and Y | is- the predicted value for Y-
obtained by use of the f i t t ed regression equation (Draper 
and Smith, 1966, p. 8 6 ) . 
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H Q . * - 0, V i (the hypothesis to be t e s t ed) . 
H-. : B . . 4 0 for at least one i (the alternative 
1 i j 
hypothesis) . 
The above hypothesis is tested using the F s t a t i s t i c . 
This quantity is composed of the rat io of the variation 
accounted for by the f i t t ed model to the unexplained variat ion. 
Symbolically, 
P _ (sum of squares attributable to the regression)/k 
o (sum of squares attr ibutable to residual var ia t ion) / (n -k-1 ) 
SS ,, 
= reg/k 
S S _ / (n-k-1) res v J 
where: 
SS —* SS. . —SS % reg tota l res ' 
S S t o t a l " . \ C Y j - * > 2 . 
3=1 
n , ? 
and SS = I ( Y , - Y . ) . 
res j = 1 v j j J 
The hypothesis is rejected i f |F I > F , v where 
F a k n-k-1 a t a -bulated value of the F-distribution for a 
20 
given level of s ignif icance , a and for given n and k. 
Al ternate ly , one can refer to the F-distribution and deter­
mine the probabil i ty (a) of obtaining an F rat io greater 
than or equal to the tes t s t a t i s t i c , F . 
Given that the regression is s ign i f i cant , i t is helpful 
20 
In the present study, a = 0.05 was used as the 
maximum acceptable probabi l i ty for s t a t i s t i c a l s ignif icance . 
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to calculate the coeff ic ient of multiple determination, R . 
This quantity is the square of the multiple correlation 
coe f f i c i ent , R, and is defined as follows: 
2 S S, , -i~SS s s tota l res _ reg - —g-g 
tota l tota l 
2 
R can be interpreted as the proportion of the tota l 
variance of the dependent variable "explained" by the 
regression equation. 
Residual analysis was performed to examine the va l id i ty 
of the error assumptions made in the regression model. 
Spec i f i ca l ly , these assumptions are: 
1. The errors are independent. 
2. The errors have zero mean and a constant variance. 
3. The errors follow a normal d is tr ibut ion. 
As stated by Draper and Smith (1966, p. 8 6 ) , " . . . i f our 
f i t t e d model is correct , the residuals should exhibit 
tendencies that tend to confirm the assumptions we have made, 
or at l e a s t , should not exhibit a denial of the assumptions." 
Accordingly, the residuals were plotted and v isual ly examined 
for s igni f icant violat ions of the assumptions. 
F inal ly , the internal predict ive va l id i ty of the f i t t ed 
model was assessed by calculation of the misc lass i f i cat ion 
rate of the model. 
46 
CHAPTER V 
DEVELOPMENT OF A MEASURE OF STABILIZATION OUTCOME 
The primary c l in i ca l object ive of the EMS system as 
defined in the present research is to s t a b i l i z e the condition 
of the emergency victim. To assess the extent to which this 
object ive is attained, a measure of s tab i l i za t ion outcome was 
developed. 
Stabi l izat ion Defined 
Stabi l i zat ion can be defined in many dif ferent ways. 
Orig ina l ly , Myrick (1974) defined s tab i l i za t ion as the point 
at which a pat ients ' condition is no longer time dependent. 
The American Heart Association Committee on Cardio-Pulmonary 
Resuscitation and Emergency Coronary Care (1974, p. 860) 
defines i t in terms of process variables: 
1. Assuring e f fec t ive vent i la t ion , either 
spontaneous or ass i s ted . 
2. Maintaining a stable cardiac rhythm and 
ef fect ive c irculat ion , u t i l i z i n g drugs 
as indicated. 
3 . Maintaining a functioning ECG monitor 
and an intravenous l i f e l i n e . 
4. Establishing and maintaining communi­
cations necessary for consultation, 
transportation, and admission to a 
continuing care f a c i l i t y . 
However, for outcome evaluation, a condition-oriented 
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d e f i n i t i o n o f s t a b i l i z a t i o n i s r e q u i r e d , the r e a s o n f o r 
wh ich w i l l become more apparen t l a t e r . 
F o r the p u r p o s e s o f t h i s s t u d y , a p a t i e n t i s d e f i n e d 
as s t a b l e i f : 
1. C e r t a i n v i t a l s i g n s do not f a l l be low minimum 
l e v e l s . 
2. The p a t i e n t ' s c o n d i t i o n i s no t d e t e r i o r a t i n g 
a t the p o i n t o f measurement ( e . g . , upon 
e n t r y to the emergency d e p a r t m e n t ) . 
3 . The p a t i e n t ' s c o n d i t i o n a f t e r emergency 
p r o c e d u r e s have been per fo rmed i s improved 
o r unchanged w i t h r e s p e c t to the p a t i e n t ' s 
c o n d i t i o n b e f o r e t r e a t m e n t . The change i n 
c o n d i t i o n i s to be measured i n terms o f 
v i t a l s i g n s . 
A p a t i e n t i s d e f i n e d as u n s t a b l e i f any one o f t he above 
c o n d i t i o n s i s not s a t i s f i e d . 
S t a b i l i z a t i o n , u n l i k e s e v e r i t y , i s i n t r i n s i c a l l y 
l i n k e d to the c l i n i c a l r e s p o n s e to emergency m e d i c a l 
p r o c e d u r e s . O s t e n s i b l y , w i t h o u t some type o f s t a b i l i z i n g 
p r o c e d u r e , the c o n d i t i o n o f the " u n s t a b l e " p a t i e n t would 
d e t e r i o r a t e u n t i l d e a t h . T h u s , s t a b i l i z a t i o n i s d e f i n e d to 
r e p r e s e n t the r e s p o n s e to t rea tmen t i n terms o f the c l i n i c a l 
m a n i f e s t a t i o n s o f the i l l n e s s e p i s o d e . I n o r d e r to r e p r e ­
s e n t t h i s r e s p o n s e , s t a b i l i z a t i o n must be based upon 
dynamic measurements and i s t h e r e f o r e measured ove r an 
i n t e r v a l o f t ime ( f rom measurements made i n t he ambulance to 
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measurements made in the emergency room). 
The dis t inct ion between severity and s tab i l i za t ion 
can be conceptually viewed as the difference between scalar 
and vector quant i t ies . Severity, a scalar measurement, has 
only magnitude (in terms of degree of s e v e r i t y ) , whereas 
s t a b i l i z a t i o n , a vector measurement, has both magnitude and 
direction (in terms of magnitude of change of physiological 
v a r i a b l e s ) . 
The Stabi l izat ion Outcome Scale 
In order to measure the degree to which a patient is 
s tab i l i zed after EMS intervention, a s tab i l i za t ion outcome 
scale was developed. Conceptually, this scale can be 
interpreted as consisting of a number of different "levels 
of s tab i l i zat ion" and is represented by the following 
continuum: 
Cl in i ca l ly Unstable Stable Cl in ica l ly 
Dead Condition Condition "Normal" 
.j* . * 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
-100 -75 -50 -25 0 +25 +50 +75 +100 
As indicated, this scale consists of three primary 
21 
Given the concept of s tab i l i za t ion based on change 
in condition over time (in addition to level of condition at 
a particular point in t ime) , i t would have been desirable to 
include some expl i c i t consideration of prognosis (as defined 
as the probabi l i t i es of changes in condition over a specif ied 
period of time) in the def init ion of s tab i l i za t ion . However, 
in the interest of providing the panels of physicians with 
a simple operational def init ion of s t a b i l i z a t i o n , prognosis 
was not e x p l i c i t l y addressed. 
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s tates : death ( - 1 0 0 ) , stable ( 0 ) , and normal (+100) . Points 
between these states represent either unstable ( -25 , - 5 0 , -75) 
or stable conditions (+25, +50, + 7 5 ) . 
Obviously, c l in i ca l death, and to lesser extent, 
normal, are reasonably well-defined s ta tes . Whereas death 
is represented by n i l parameter values , normal, as defined 
herein, is represented by ranges of values for various 
physiological parameters considered to be typical for a 
"healthy" pat ient . However, stable versus unstable is a 
conceptual c la s s i f i ca t ion that is implic i t within the mind 
of the physician. Thus, in order to aid in the demarcation 
of a s tab i l i za t ion sca le , the relationships between a physi­
cian's subjective c las s i f i ca t ions and the object ive physi­
o logical data must be quantif ied. Such is the purpose of 
the following s tab i l i za t ion outcome model. 
Development of the Stabi l izat ion Model 
The relationship between the physician's perception 
of leve l of s tab i l i za t ion and patient condition was formulated 
as a multiple l inear regression model. Spec i f i ca l ly , this 
model expresses the dependent variable , s tab i l i za t ion 
outcome, as a function of a number of independent variables 
representing the level of and change in a pat ient 's c l in i ca l 
status as measured upon entry of the patient into the 
emergency department. 
The independent variables primarily consist of v i t a l 
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2 2 
signs ( i . e . , sys to l i c and d ias to l i c blood pressure, 
pulse ra te , and respiration r a t e ) . In addition, age and sex 
23 
are also considered. It should be noted that the variables 
on which the model is based were necessari ly l imited to that 
information which is common to both the ambulance run report 
and the emergency department report (see Appendix C) . This 
data l imitat ion was necessary since the change in patient 
condition is of interest and hence, both pre-treatment and 
post-treatment measurements on the same variables must be 
made. 
Interaction terms, including the previously described 
Euclidean distance, were also included in the model. These 
as well as the other independent variables are l i s t e d in 
Table 2. 
Quantification of the Dependent Variable 
As defined, the dependent var iable , level of s t a b i l i ­
zation, is based on the physician's perception of s tatus . 
An expert panel of c l in ic ians was u t i l i z e d to generate these 
2 2 
In the s tab i l i za t ion model, v i t a l signs are 
measured on the scene and upon arrival at the emergency 
department. 
23 
Information on race was also col lected but was not 
included in the model. As subsequently discussed, the number 
of variables that could be included in the model was l imited 
due to the small sample s ize ( 2 0 ) . Since the invest igator 
was not aware of any strong c l in i ca l evidence suggesting race 
as a correlate of outcome, i t was omitted from the model. 
In addit ion, i t would have been d i f f i c u l t to assess the 
s ignif icance of race given that 95 percent of the sample 
was white. 
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Pulse Pressure (ambulance) APP 
Pulse Pressure (Emergency department)*3 EPP 
Systol ic Blood Pressure (ambulance) ASBP 
Systol ic Blood Pressure (emergency department)*3 ESBP 
Diasto l ic Blood Pressure (ambulance) ADBP 
Diasto l ic Blood Pressure (emergency department)*3 EDBP 
Pulse Rate (ambulance) APULS 
Pulse Rate (emergency department)*3 EPULS 
Respiration Rate (ambulance) ARESP 
Respiration Rate (emergency department)*5 ERESP 
Systol ic Blood Pressure X Pulse Rate a CROSSl 
Systol ic Blood Pressure X Pulse Rate*3 CR0SS6 
Dias to l i c Blood Pressure X Pulse Rate a CROSS2 
Diasto l ic Blood Pressure X Pulse Rate*3 CR0SS7 
Pulse Pressure X Pulse Rate a CR0SS3 
Pulse Pressure X Pulse Rate*3 CR0SS8 
Respiration Rate X Pulse Rate a CR0SS4 
Respiration Rate X Pulse Rate*5 CR0SS9 
Respiration Rate X Pulse Pressure 3 CR0SS5 
Respiration Rate X Pulse Pressure*3 CROSSIO 
Euclidean Distance at Scene AEUCLID 
Euclidean Distance at Emergency Department*3 EEUCLID 
Measured on arrival of the ambulance on the scene. 
Measured on arrival of the ambulance at the emergency 
department. 
52 
perceptions. An experiment was designed to quantify these 
perceptions. 
The Delphi Technique. In order to most e f fec t ive ly 
u t i l i z e the information contained within the panel and to 
conserve the experts' time, a structured group opinion 
method known as the Delphi technique was used. The Delphi 
technique employs questionnaires to obtain information from 
a group of individuals . After the questionnaires are com­
pleted, individual responses are combined and a "group 
response" is compiled. Subsequently, this group response 
and any pertinent comments from individuals are "fed back" 
to the individuals together with a second questionnaire. 
Given the new information, individuals are requested to 
revise or refine their previous responses. The object ive 
is to obtain agreement among the group of individuals . 
The originators of Delphi (Dalkey, Helmer, et a l . , of 
the RAND Corporation), argue that i t d i f fers considerably 
from conventional face-to-face group situations in that i t 
replaces direct confrontation and debate with a careful ly 
contrived decision-making environment (Brown, 1968, p. 3; 
Dalkey and Helmer, 1963, p. 458 ) . 
This environment is characterized by the following 
features (Dalkey, 1967, p. v ) : 
(1) Anonymous response--Opinions of members of the 
group are obtained by formal questionnaire and 
no contact between the respondents is permitted. 
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Typically questionnaire administration is handled 
through the mail. 
(2) Iteration and controlled feedback--Interaction 
is effected by a systematic exercise conducted 
in several i t erat ions , with careful ly controlled 
feedback, in terms of the group response, between 
rounds ("rounds" are successive sets of question­
naires) . 
(3) S t a t i s t i c a l group response--The group opinion 
is represented by an "appropriate" s t a t i s t i c a l 
measure, such as the median or mean. 
Dalkey further reasons that the above special features 
of Delphi reduce the undesirable ef fects of group inter­
action. Spec i f i ca l ly , he c i tes the negative ef fects of the 
soc ia l ly dominant individual (due to the personality type, 
s tatus , e t c . ) , group pressure for conformity, and "semantic 
n o i s e . " 2 4 Helmer and Rescher (1959) note that Delphi "elimi­
nates committee ac t iv i ty altogether, thus further reducing 
the influence of certain psychological fac tors , such as 
specious persuasion, the unwillingness to abandon publicly 
expressed opinions, and the bandwagon ef fect of majority 
opinion." These and other disadvantages of face- to- face 
interaction are more fu l ly documented by Maier (1967) and 
24 
"Semantic noise" is defined as "irrelevant or 
redundant material that obscures the d irect ly relevant 
material offered by the participants" (Dalkey, 1967, p. 3 ) . 
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Asch (1950) . 
In addition to minimizing some of the detrimental 
aspects of group processes, i t appears that Delphi offers 
many of the advantages commonly associated with interacting 
groups including: 
(1) Greater number of approaches to a problem. 
(2) Greater amount of knowledge and information 
avai lable . 
(3) Increased acceptance and comprehension of 
solutions generated by the group due to 
part ic ipat ion (Maier, 1967, p. 316) . 
The special res tr ic t ions inherent to Delphi (anonymity, 
controlled feedback, s t a t i s t i c a l response), do not a l ter the 
fact that a group is s t i l l represented in the process. This 
resource remains unchanged--only the method by which i t is 
u t i l i z e d d i f f e r s . In fac t , due to the unique structure of 
the Delphi, most of the barriers to equal part ic ipat ion are 
eliminated and, therefore, the above characterist ics are 
probably enhanced. 
Maier (1967) c i tes disagreement, conf l ict ing versus 
mutual in teres t , time requirements, and posit ion shi f t s as 
being c r i t i c a l factors serving as either group assets or 
l i a b i l i t i e s depending greatly on the s k i l l of the group 
leader. The s k i l l f u l group leader manages the group in such 
a way as to capi ta l ize on these factors . Delphi suffers in 
this respect because i t functions without a leader. However, 
the experimenters have some control over the group by 
appropriately f i l t e r ing feedback information. 
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In addition to the preceding theoret ical concerns, 
several considerations of a pract ical nature indicate a prefer­
ence for Delphi. F i r s t , Delphi can be considered as superior 
to other group processes with respect to cost . Often, this 
factor alone is the c r i t i c a l consideration. Other factors 
which tend to reinforce a preference for Delphi include: 
1. Geographically dispersed part ic ipants . 
2. Panelists with only a l imited amount of 
time available to part ic ipate in an 
experiment. This would be especia l ly 
common when one is dealing with experts. 
Such limited time also might be in 
re la t ive ly short scattered segments. 
3. Participants not a l l available to convene at 
the same time. This factor , of course, becomes 
more of a problem as group s ize increases. 
In the present research, the f i r s t factor above was of 
l imited concern since a l l of the participants were obtained 
from within the approximately 30 mile radius of the metro­
politan Atlanta area. However, the second and third 
considerations were of paramount importance. 
Other Relevant Parameters. A review of group decision­
making l i terature shows that a number of other factors other 
than the type of group process can have an impact on group 
ef fect iveness . F i l l ey (1970, p. 327) in an exposition on 
committees, has suggested that these factors include group 
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s i z e , management, and composition. Fortunately, these 
factors are control lable to some extent. Concerning group 
s i ze , small group research (F i l l ey , 1970, p. 329; van de Ven, 
1974, p. 21) has indicated that group s ize should be minimized 
( i f the selected members possess suf f ic ient knowledge and 
s k i l l s to solve the problem at hand) in order to y ie ld the 
group more manageable. However, such research has generally 
dealt with face- to- face groups, not Delphi. With Delphi, 
individual group members do not respond to a number of other 
individuals but rather respond to a s t a t i s t i c a l representation 
of group opinion, thereby affording Delphi capable of handling 
larger groups. Notwithstanding this observation, a group s ize 
2 5 
of s ix was selected for use in the present study due to 
time and resource l imi ta t ions . 
Given this l ine of reasoning, group management is not 
e x p l i c i t l y applicable in a non-interacting group process 
such as Delphi. However, i f the process is to run smoothly 
and without confusion, the questionnaires must be careful ly 
designed. In the construction of the questionnaires, the 
experimenter acts as an a r t i f i c i a l "group leader" and 
provides some aspects of management. 
With regard to group composition, two factors must be 
considered--(1) cooperative versus competitive and (2) 
homogenous versus heterogenous. In general, cooperative 
25 
Actual ly , a to ta l of twelve participants were 
required since two panels were ult imately used in the 
experiment. 
57 
groups are preferred (although this characterist ic has no 
overt e f fect in Delphi groups). The question of homogeneity 
or heterogeneity is less c lear . However, i t has been 
suggested that there is value in using a heterogeneous group 
i f i t s negative ef fects can be controlled ( F i l l e y , 1970, 
p. 3 3 6 ) . In the present research, divers i ty in background 
pertinent to the various aspects of the c l i n i c a l management 
of AMI was considered to be of great importance. 
In general, the composition of panels used in the 
present research could be described as cooperative and 
heterogeneous. As shown in Table 3 , a number of spec ia l t ies 
and sub-special t ies are represented in the panels. The 
negative ef fects of this heterogeneity were not considered to 
be applicable since the individual panel members do not 
d irect ly interact with each other. 
The Delphi Experiment. The Delphi experiment was 
7 6 
designed and conducted over two rounds. Two panels of 
physicians participated in the experiment. The panels were 
selected so as to provide a measure of inter-panel va l id i ty 
of the results (see page 63) . Both panels consisted of a 
mix of emergency department physicians and cardiovascular 
s p e c i a l i s t s . Judging from the spec ia l t i es and types of 
Theoret ical ly , Delphi continues to i terate through 
successive rounds unt i l consensus is obtained. However, due 
to time l imitat ions and the desire to avoid "panel fatigue" 
(see Starkweather, 1975) , the process was planned for two 
rounds only. 
Table 3. Panel Composition 
Panel Age Specialty Sub-Specialty Type of Practice 
Years in 
Practice 
#1 33 Internal Medicine Emergency Medicine Emergency Dept. 2 
#1 33 Emergency Medicine Emergency Dept. 4 
#1 49 Internal Medicine Private 22 
#1 33 General Practice Emergency Dept. 5 
#1 36 Internal Medicine Cardiology Private 9 
#2 47 Internal Medicine Cardiology Private 17 
#2 35 Emergency Medicine — Emergency Dept. 10 
#2 32 General Practice Public Health Emergency Health 5 
#2 57 Cardiology — Private 30 + 
#2 34 Surgery Emergency Medicine Emergency Dept. 8 




practices represented in each of the panels i t was i n i t i a l l y 
assumed that the panels were equivalent in terms of expertise . 
However, as shown in Table 3 this assumption may have been 
incorrect i f expertise is considered to be represented by 
the pane l i s t s ' age and years in practice ( i . e . , Panel #2 
appears to be "older" than Panel #1 and also includes more 
experienced physic ians) . 
The f i r s t set of questionnaires (see Appendix D) 
were personally delivered to each of the physicians so that 
the concepts of the experiment could be explained in detai l 
and questions answered without delay. Each panel member was 
asked to complete the questionnaire within a week, i f at a l l 
poss ib le . 
Round one presented the panel with a sample of 20 
2 7 
cases and requested that each be c la s s i f i ed according to 
level of s tab i l i za t ion (based on the def init ion given on 
page 47) and recorded on the s tab i l i za t ion outcome sca le . In 
addition, each participant was asked to br i e f l y note the 
reason for c l a s s i f i c a t i o n of a patient at a part icular level 
of s tab i l i za t i on . 
Discussions with several of the panel members revealed 
^'The 20 cases represent a random sample from the 93 
case data base for the study. The sample was s t r a t i f i e d with 
respect to survivors and non-survivors in the same proportion 
as contained in the overal l sample. This number was not 
s t a t i s t i c a l l y selected but was considered to be a reasonable 
number of cases for the panel to work with. 
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that the s tab i l i za t ion outcome scale as or ig inal ly conceived 
was subject to some misinterpretation. Accordingly, the 
scale was s l i gh t ly modified to help improve i t s interpre­
tat ion. (Note: The "final" scale is the one shown on page 
48. The "original" scale is shown on page 1 3 7 as part of the 
round one questionnaire) . 
Between rounds one and two, the results from each 
panel were summarized and a second questionnaire designed 
(see Appendices E and F) . This questionnaire was aimed toward 
reassessment of the previous responses in an e f fort to obtain 
2 8 
consensus among the panel. 
Round two incorporated the improved s tab i l i za t ion 
outcome scale and further delineated i t s interpretation as 
shown in Table 4. As previously noted, the second question­
naire requested that each panel ist reassess his previous 
response to each case in l ight of the corresponding group 
responses. 
Group response was represented in terms of the low and 
the high response for each case, in addition to selected 
representative comments. The comments were ident i f ied as 
originating from either "low", "high" or "other" (between the 
2 8 
Prior to the administration of the f i r s t question­
naire , consensus was defined in terms of the "truncated 
range." The truncated range is computed by taking the 
difference between the highest and lowest response for a 
particular patient case, after elimination of the pair of 
i n i t i a l highest and lowest responders. Thus, consensus was 
a pr ior i defined as a truncated range of less than or equal 
to 50 points on the s tab i l i za t ion sca le , which extends from 
- 1 0 0 to + 1 0 0 , a range of 2 0 0 points . 
Table 4. Interpretation of the Stabi l izat ion Outcome Scale 
Level of T . . . . S tabi l izat ion Interpretation 
+100 Patient s tabi l ized--condit ion c l i n i c a l l y normal. 
+75 Patient s t a b i l i z e d - - a l l three of the conditions for s tab i l i za t ion are 
+50 satisf ied-- intermediate levels of s tab i l i za t ion- - the higher the 
+25 rating, the better the prognosis. 
0 Patient barely s tabi l ized-- lowest level of condition for a stable 
pat ient--pat ient questionably s tab i l i zed . 
-25 Patient unstable--one or more of the three conditions for s t a b i l i -
-50 zation are not sa t i s f i ed- - the lower the rat ing, the worse the 
-75 prognosis. 
-100 Patient c l in i ca l ly dead. 
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two) responders. 
Final ly , as part of the second questionnaire, several 
items of supplemental information were obtained. This 
included assessments of each physician's degree of confidence 
in his estimates of s tab i l i za t ion and the degree of sa t i s ­
faction with the s tab i l i za t ion concept, as well as comments 
on the approach in general. 
The Mathematics. Mathematically, the multiple l inear 
regression model can be described as follows: 
y! = B N + B., .X-. . + B 0 . X 0 • + . . . + B , .X, . + e. 
J 0 l j l j 2j 2j kj kj j 
where is the value of Ŷ  predicted by the regression 
equation and where, 
Yj = j observation on the dependent var iable , level 
of s tab i l i za t ion . 
•f- V\ 
X i j = j observation on independent variable i . 
e. = residual for observation j . 
B ^ j = s t a t i s t i c a l l y f i t t ed coeff ic ient of regression 
corresponding to independent variable i ( i > 1 ) . 
Bq = s t a t i s t i c a l l y f i t t ed constant term, 
i = l , 2 , . . . , k independent variables , 
j = 1 , 2 , . , . , n cases. 
Again the B^ were computed by the method of least 
squares, the stepwise method of variable select ion was 
employed; and the SPSS programs were used in the analys is . 
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Analysis of the Model 
The regression model was analyzed with respect to 
internal s t a t i s t i c a l v a l i d i t y . Also , the estimates of the 
value of the dependent var iable , level of s tab i l i za t ion , as 
generated by the two panels were analyzed with respect to 
inter-panel va l id i ty . 
Analysis of Internal Val id i ty 
Internal va l id i ty was assessed in two stages. F i r s t , 
the signif icance of regression was tested using the F- tes t , 
and the coeff ic ient of multiple determination was computed. 
Secondly, the residuals were analyzed to determine i f any 
of the error assumptions had been v io lated. 
Analysis of Inter-Panel Val id i ty 
Two panels were used to generate independent estimates 
of the levels of s tab i l i za t ion of the twenty patient cases. 
After the f inal consensus scores were computed for each 
case as assessed by each of the panels, the paired t - t e s t 
was used to compare the scores of the two groups to determine 
i f a s ignif icant difference existed between the corresponding 
two sets of estimates. This t - t e s t entai ls testing of the 
following hypothesis: 
HQ : 5 = 0 
where 6 is the true mean difference between the groups with 
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n 
sample mean, d = [ Z ( X ^ . . - X 2 j ) ] /n and where the X - J J and 
X 7 . are the responses for Panels #1 and #2, respect ively . 
The null hypothesis, H Q , i s tested against the alternative 
hypothesis, , using the following test s t a t i s t i c : 
t - — 
0 " s d 
where 
n = number of pairs = 20, 
s^ = the sample standard deviation of cl, 
n 
2 X , . X . 
= I ( 8 2 + s 2 . j=in_inj)/n]i/2 
s^ = the sample standard deviation of X - ^ , 
s 2 = the sample standard deviation of X 2 j . 
The hypothesis is rejected i f | t 0 | > t / 9 _ _ 9 ; where t 
is a tabulated value from the t -d is tr ibut ion for a given 
29 
level of s ignif icance a. 
29 




This chapter presents the results of the development 
of the index of i n i t i a l condition and the s tab i l i za t ion 
outcome measure. In summary, both models were found to be 
reasonably va l id . 
The Index of I n i t i a l Condition 
The basic data set (see Table 1) on which the index 
was developed was refined to include several variations for 
detai led analysis . The refinements dealt exclusively with 
alternative representations of v i ta l signs in the regression 
equations. The main effects due to v i t a l signs were consid­
ered in terms of (1) individual "raw" measurements and ( 2 ) 
individual squared values. Also , as indicated previously, 
interactions between v i ta l signs were represented as (1) 
cross products between selected pairs of v i ta l signs and 
( 2 ) the Euclidean distance. Accordingly, four d i s t inct 
alternative regression models were developed based on 
combinations of the above variations in conjunction with the 
remaining variables in the basic data se t . The four a l ter­
natives are hereafter referred to as Models A, B, C, and D, 
respect ively . 
The variables i n i t i a l l y included in each model are 
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l i s t ed in Table 5. The variables entered and removed from 
the equations as a result of the stepwise select ion procedure 
are l i s t ed in Tables 6, 7, 8, and 9. Also presented in 
Tables 6 through 9 are the significance of regression, the 
2 
coef f ic ient of multiple determination (R ) , and the coeff ic ient 
of multiple correlation (R) at each stage of the procedure. 
Table 10 l i s t s the result ing regression equations. 
Figures 1, 2, 3 , and 4 i l l u s t r a t e the derivation of 
the theoret ical and optimized misc lass i f icat ion rates . The 
theoretical misc lass i f icat ion rate was calculated by c l a s s i ­
fying survivors as those cases with a regression score, or 
estimate, of 0.5 or greater ( i . e . , the probabi l i ty of 
survival is greater than or equal to 0 . 5 ) . The optimized 
misc lass i f icat ion rate was determined heur is t ica l ly so as to 
minimize misc lass i f i cat ion . This heurist ic method involved 
calculation of the misc lass i f icat ion rates at a l l possible 
separation points ( i . e . the point at which survivors are 
distinguished from non-survivors) accurate to 0.01 on the 
zero to one scale . Accordingly, the optimized rate was 
defined in terms of the separation point which minimized 
misc lass i f i cat ion . 
Internal Val idi ty 
The internal s t a t i s t i c a l properties of the regression 
models were assessed in order to (1) determine i f the models 
adequately represent the phenomenon under study ( i . e . , 
predict AMI mortality) and (2) select the "best" model from 
Table 5. Variables I n i t i a l l y Included in the Index 
of I n i t i a l Condition Model 
Regression Model 
Variable A B C D 
AGE X X X X 
SEX X X X X 
PUPIL X X X X 
CONS X X X X 
WT X X X X 
HISTMI X X X X 
HISTANG X X X X 
HICDA X X X X 
HISTDIA X X X X 
HISTCHF X X X X 
SIZE X X X X 
APP X X X X 
ASBP X X 
ADBP X X 
APULS X X 
ARESP X X 
(ASBP)2 X X 
(ADBP)2 X X 
(APULS)2 X X 
(ARESP)2 X X 
CR0SS1 X X 
CROSS2 X X 
CR0SS3 X X 
CR0SS4 X X 
CR0SS5 X X 
AEUCLID X X 
Table 6. The Index of I n i t i a l Condition--Model A 
Step 
Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
1 ADBP 16.30487 .000 .40935 .16756 16.30487 .000 
2 SIZE 3.92932 . 051 .45446 .20654 10.41192 .000 
3 PUPIL 2.95816 .089 .48495 . 23518 8.09724 .000 
4 HISTANG 2.20787 .141 .50619 .25623 6.71775 .000 
5 HISTCHF 2.97632 .089 .53283 .28391 6.10563 . 000 
6 HICDA 2.18613 .143 .55130 .30393 5.53076 .000 
7 HISTDIA 1.41553 .238 .56287 .31682 4.96879 . 000 
CO
 
CROSS5 1.47988 .228 .57465 .33022 4.56049 .000 
9 ARESP .81214 .370 .58102 .33759 4.13372 .000 
10 CR0SS3 1.51438 .222 .59265 .35123 3.89800 .000 
11 WT .89569 .347 .59943 .35932 3.61993 .000 
12 SEX .47094 .495 .60299 .36360 3.33279 .001 
13 APULS .49144 .486 .60671 .36810 3.09187 .001 
14 AGE .39911 .530 .60974 .37179 2.87453 .002 
15 HISTMI .17689 .675 .61110 .37344 2.66221 .003 
16 APP .12075 .729 .61203 .37458 2.47061 . 005 
17 CROSS4 1.36709 .247 .62247 .38747 2.41863 .006 
18 CROSS1 .17660 .676 .62382 .38915 2.26514 . 009 
19 CONS .01012 .920 .62390 .38925 2.11326 .014 
Table 7. The Index of I n i t i a l Condition--Model B 
Step Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
r—f CONS 15.41409 .000 .39984 .15987 15.41409 .000 
2 SIZE 4.70320 .033 .45445 .20652 10.41100 .000 
3 HICDA 4.06581 .047 .49534 . 24536 8.56192 .000 
4 HISTANG 1.87956 .174 .51295 .26312 6.96282 .000 
5 HISTCHF 1.75577 .189 .52872 .27955 5.97539 .000 
6 PUPIL 2.40077 .125 .54919 .30161 5.47020 . 000 
7 HISIDIA 1.49780 .225 .56150 .31528 4.93343 . 000 
8 CROSS5 1.48408 .227 .57336 .32874 4.53012 . 000 
9 CROSS4 1.77332 .187 .58708 .34466 4.26589 .000 
10 WT .87822 .352 .59377 .35256 3.92072 .000 
11 APP .77493 .382 .59962 .35955 3.62360 . 000 
12 APULSQ 2.74867 .102 .61947 .38375 3.63249 .000 
13 CONS .00289 .957 .61945 .38372 4.01890 . 000 
14 AGE .41334 .522 .62237 .38734 3.68800 .000 
15 HISTMI .41110 .524 .62528 .39097 3.40729 .000 
16 SEX .26303 .610 .62715 .39332 3.14890 .001 
17 CROSS3 .29355 .59 0 .62926 .39596 2.92801 . 001 
18 ARESPSQ .08845 .767 .62990 .39677 2.71320 .002 
19 CROSSl .06051 .806 .63034 .39733 2.52081 . 004 
20 ADBPSQ .12982 .720 .63131 .39855 2.35610 .006 
21 CROSS3 .00094 .976 .63130 .39854 2.53358 .004 
22 ASBPSQ .02321 .879 .63148 .39876 2.35816 .006 
23 CONS .01449 .905 .63158 .39890 2.20041 . 010 
Table 8. The Index of I n i t i a l Condition--Model C 
Step Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
1 ADBP 16.30487 .000 .40935 .16756 16.30487 . 000 
2 SIZE 3.92932 .051 .45446 .20654 10.41192 . 000 
3 PUPIL 2.95816 .089 .48495 .23518 8.09724 . 000 
4 HISTANG . 2.20787 .141 .50619 .25623 6.71775 . 000 
5 HISTCHF 2.97632 .089 .53283 .28391 6.10563 . 000 
6 HICDA 2.18613 .143 .55130 .30393 5.53076 . 000 
7 HISTDIA 1.41553 .238 .56287 .31682 4.96879 .000 
8 AEUCLID 1.06085 .306 .57138 .32648 4.48382 .000 
9 AGE .74419 .391 .57730 .33328 4.05453 .000 
10 WT .51343 .476 .58138 .33800 3.67610 .001 
11 HISTMI .50243 .481 .58536 .34265 3.36449 . 001 
12 APULS .24492 .622 .58732 .34494 3.07172 . 002 
13 ASBP .41600 .521 .59065 .34887 2.84378 . 003 
14 CONS .20725 .650 .59232 .35085 2.62512 . 004 
15 SEX .15892 .691 .59362 .35238 2.43040 . 007 
16 ARESP .01673 .897 .59376 .35255 2.24611 .011 
o 
Table 9. The Index of I n i t i a l Condition—Model D 
Step Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
1 CONS 15.41409 .000 .39984 .15987 15.41409 . 000 
2 SIZE 4.70320 .033 .45445 .20652 10.41100 .000 
to HI CD A 4.06581 .047 .49534 .24536 8.56192 . 000 
4 HISTANG 1.87956 .174 .51295 .26312 6.96282 . 000 
5 HISTCHF 1.75577 .189 .52872 .27955 5.97539 . 000 
6 PUPIL 2.40077 .125 .54919 .30161 5.47020 . 000 
7 HISTDIA 1.49780 .225 .56150 .31528 4.93343 . 000 
CO
 
APP .97245 .327 .56935 .32416 4.43672 . 000 
9 HISTMI .51281 .476. .57348 .32888 3.97477 . 000 
10 APULSQ .34908 .556 .57629 .33212 3.58030 . 001 
11 WT .51526 .475 .58045 .33693 3.27975 . 001 
12 AGE .44312 .508 .58404 .34110 3.01978 . 002 
13 SEX .30903 .580 .58655 .34404 2.78375 . 003 
14 AEUCLID .18406 .669 .58805 .34581 2.56749 . 005 
15 ASBPSQ .30106 .585 .59054 .34873 2.39176 . 008 
16 ARESPSQ .04109 .840 .59088 .34914 2.21275 .013 
Table 10. Alternative Regression Equations for the Index 
of I n i t i a l Condition 
Regression r, „ 
godel Regression Equation 
A .93231332-.37269797x10" 2 (AGE)-.63156585x10 _ 1 (SEX) 
-.97905029x10~ l(PUPIL)+.82876572x10~ 2(CONS) 
-.43875128x10" 1(WT)+.53859634x10 _ 1(HISTMI)+.22082484(HISTANG) 
-.23370858(HICDA)+.21103879(HISTDIA)-.23832025(HISTCHF) 
-.18482873(SIZE)+.11117119x10" 1(APP)+.35636436x10" 2(ADBP) 
-.54934058x10" 2(APULS)+.62377253x10" 2(ARESP) 
- .32053478x10" 4 (CR0SS1)+ .48328909x10" 4(CR0SS3)+ .41584301x10" 3(CROSS4) 
-.73735074xl0" 3(CROSS5) 
B .90898826-.29340317x10" 2 (AGE)-.70188719x10 _ 1 (SEX)-.95511365x10" 1 (PUPIL) 
+.92552756x10" 2 (CONS)-.41233613x10" 1 (WT)+.33169761x10 _ 1 (HISTMI) 
+.20363073(HISTANG)-.23185094(HICDA)+.19703264(HISTDIA) 
-.22179818(HISTCHF)-.19189452(SIZE)+.10693866x10 - 1 (APP) 
+.39882521x10" 5(ASBPSQ)-.18218993(ADBPSQ)-.62909233x10" 4(APULSQ) 
+.24606777x10" 3(ARESPSQ)+.27921005x10' 4(CR0SS1)+.43306560x10" 3(CROSS4) 
+ .43306560x10"3(CROSS 5) 
tNJ 
Table 10 (concluded) 
Regression n „ . c . . godel Regression Equation 
C 1.1897377-.33222559x10" 2 (AGE)-.42914838x10" 1 (SEX)-.11397981(PUPIL) 
-.34898121x10 "•'"(CONS)-.43821033x10" 1(WT) + . 452 08800x10" 1(HISTMI) 
+.19106587(HISTANG)-.26857697(HICDA)+.17758092(HISTDIA) 
-.25398435(HISTCHF)-.15995565(SIZE)-.17 348003x10" 2(ASBP) 
+.25574432x10" 2(ADBP)+.18169332x10" 2(APULS)-.11680859x10" 2(ARESP) 
-.96021811x10" 2(AEUCLID) 
D 1.3164995-.32250282x10" 2 (AGE)-.4628875x10" 1 (SEX) 
- .12048357 (PUPIL)-.37 765213x10" 1(CONS)-.394 77174x10~ 1(WT) 
+ .44003866x10" 1(HISTMI)+.18815649(HISTANG)-. 27147947(HICDA) 
+.18055047(HISTDIA)-.26450459(HISTCHF)-.15698 781(SIZE) 
-.24182605x10~ 2(APP)+.39233381x10" 5(ASBPSQ)+.97692322x10" 5(APULSQ) 
-.39237068x10" 4(ARESPSQ)-.20376221x10' 1(AEUCLID) 
7 4 
Figure 1. Misc lass i f ication Rates—Model A 
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Figure 2. Misc lass i f i cat ion Rates--Model B 
Figure 3. Misc lass i f icat ion Rates--Model C 
Figure 4. Misc lass i f icat ion Rates--Model D 
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among the four candidates. The "best" model was selected on 
the basis of the following cr i t er ia : 
1. Maximization of the coeff ic ient of multiple 
2 
determination, R . 
2 . Minimization of the misc lass i f icat ion rates . 
3. Minimization of s t a t i s t i c a l "lack of f i t . " 
In addition, the residuals of the selected model should 
exhibit no predominant characterist ics that would tend to 
v io late the error assumptions (see p. 45) . 
With respect to the f i r s t cr i ter ion , Model B maximizes 
2 2 R . I t should also be observed that the R of Model A is 
very close to that of Model B, whereas the coeff ic ients of 
the other two models are at d i s t inc t ly lower l eve l s . 
Examining the differences in the two sets of models (Table 5 ) , 
2 
i t is evident that the higher R s t a t i s t i c is attributable to 
the inclusion of the cross product, rather than Euclidean 
Distance, terms to represent interaction between the variables . 
This phenomena can possibly be explained by the fact that the 
Euclidean distance term supresses the values of potent ia l ly 
important individual variables . 
As shown in Table 11 and Figures 1, 2, 3 , and 4, 
Model B minimizes the theoretical misc lass i f i cat ion rate; 
Models B and C minimize the optimized rate . In addition, a l l 
of the models tend to part i t ion the cases into two groups, 
thereby allowing discrimination between survivors and non-
survivors. Final ly , referring to Tables 6, 7, 8, and 9, a l l 
79 
Table 11. Misc lass i f icat ion Rates 
Misc lass i f icat ion Model 
Rate 
B C D 
Theoretical 15.7% 13.3% 14.5% 14.5% 
Optimized 13.3% 12% 12% 13.3% 
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regressions are s t a t i s t i c a l l y s ignif icant (p < . 0 1 4 ) . 
Model B was selected as the "best" regression model. 
This model is s ignif icant at a level of p = . 014 , maximizes 
R , and minimizes- the theoretical and optimized misc la s s i f i -
cation rates . 
When examined further, i t can also be shown that Model 
B can part i t ion the group of patients into three groups with 
mortality ranging from less than 6 per cent to 90 per cent (see 
Table 12 and Figure 5 ) . Operationally, this three-way c l a s s i ­
f icat ion would be more useful than the simple dichotomous 
survival c la s s i f i ca t ion as an index of i n i t i a l condition. 
Residual Analysis . From the plot of the residuals of 
Model B (Figure 6 ) , the data do not appear to be normally 
distr ibuted. However the residuals form a distr ibut ion that 
tends to be "bell-shaped" (as in a normal d i s t r ibut ion) , 
although def in i te ly skewed to the r ight . Thus while the 
distr ibut ion does not appear to be s t r i c t l y normal, i t does 
possess normal characterist ics ( e . g . , unimodal central 
tendency). 
As noted by Bush (1973) , the assumption of normality 
30 
is rather robust in multiple l inear regression. Therefore 
one can conclude that the observed non-normality of the 
residuals wi l l not invalidate the basic assumption of a 
l inear model. 
30 
Unless the assumption is grossly v io lated , the 
s t a t i s t i c a l effects are very small. 
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Table 12. Mortality Associated with the 
Index of I n i t i a l Condition 
Index Value Mortality 
0 - .32 90% 
.33 - .66 50% 
.67 - 1.00 5.5% 
82 
Figure 5 . Mortality Associated with the Index 
83 
Figure 6. Residual Plot--Model B 
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Characteristics of the Population 
The index of i n i t i a l condition (Model B) was based on 
a tota l of 83 cases (10 cases were deleted due to missing 
data elements). Of these cases, the average age of the 
patients was 62 years, 94 per cent were white, and 74 per cent 
were male. Although the sample obviously is not composed of 
equal proportions of the various sub-groups ( e . g . , male vs . 
female) , i t i s probably representative of the typical AMI pat ient . 
T-tests between survivors and non-survivors indicated 
s igni f icant differences between the mean values of the i n i t i a l 
measurements of the v i t a l signs (see Table 1 3 ) . These 
results are not surprising since the v i ta l signs were known 
to be good predictors of survival [Peel et a l . (1962) , 
Hughes et a l . (1963) , Shubin et a l . (1968) , Norris et a l . 
(1969) , Verdouw et a l . ( 1 9 7 5 ) ] . 
The Stabi l izat ion Outcome Measure 
This section presents the results of the Delphi study 
of the dependent variable , level of s t a b i l i z a t i o n , and the 
development of the l inear regression model generalizing the 
relationship between the dependent variable and i t s predictors . 
The Delphi Study 
The Delphi experiment was conducted over two rounds in 
which two panels of physicians participated in para l le l 
exercises designed to y ie ld independent estimates of level of 
s tab i l i za t ion for a set of 20 patient cases. The following 
85 
Table 13. Characteristics of the Sample on Which the Index 









LOSa 17.65 6.0 5.66 .000° 
AGE 61.4 64.8 -1 .13 .263 
SEXb .27 .26 .05 .958 
ASBP 139.6 83.7 3.37 .002° 
ADBP 83.3 45.4 4.16 .000° 
APULS 83.1 52.4 2.81 .009° 
ARESP 19.6 12.4 2.86 . 0 0 8 c 
Length of s tay 
Since males = 0 and females = 1 in the coding scheme 
employed here in (see p . 3 7 ) , the ' s e x ' f i g u r e s in t h i s t a b l e 
can be i n t e r p r e t e d as the propor t ion of females in the 
s amp1e. 
S t a t i s t i c a l l y s i g n i f i c a n t , p < . 0 1 . 
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sections examine the degree to which each panel obtained 
consensus (intra-panel agreement) and the extent to which the 
panels agreed with each other [inter-panel agreement). 
Intra-Panel Agreement. The results of round one are 
shown in Table 14. "Consensus" was obtained in Panel #1 for 
14 cases; Panel #2 obtained consensus in 19 cases. As 
previously indicated, consensus was arbi trar i ly defined in 
terms of a truncated range (TR) of 50 points or less on the 
s tab i l i za t ion sca le . The TR is computed by taking the 
difference between the highest and lowest response for a 
patient case, after elimination of the pair of i n i t i a l 
31 
highest and lowest responders. 
A closer examination of Table 14 reveals that 8 and 
14 cases, in Panels #1 and 2 respect ively , had TRs of 25 or 
l e s s . On only one case (#23) was there absolute consensus. 
In that part icular case, a rating of ' - 1 0 0 ' was obviously 
required since the pat ient 's v i t a l signs were at zero levels 
both at the scene and upon arrival of the emergency department. 
In general, i t would appear that at the end of round 
one, Panel #2 achieved a higher degree of consensus than did 
Panel #1 , having obtained agreement in f ive more cases. In 
addition, the highest TR for Panel #2 is equal to 75 whereas 
31 
Delphi studies often use the interquarti le range as 
a measure of consensus. However, i t was f e l t that this 
measure would eliminate too large a portion of the already 
small panel s izes in the determination of consensus. 
Table 14. Results of Round One of the Delphi Exercise 
Panel #1 Panel #2 Consensus 
Case 1-1 1-2 1-3 1-4 1-5 2-1 2-2 2-3 2-4 2-5 2-6 R l R 2 TR2 #1 #2 
6 - 50 - 25 - 50 + 75 0 - 25 - 25 0 - 25 + 25 0 125 50 50 25 a b 
13 0 + 100 0 + 75 + 100 0 0 0 0 + 75 0 100 75 100 0 c 
15 - 75 - 75 - 75 - 75 - 50 - 50 - 75 - 50 - 50 - 50 - 50 25 25 0 0 c c 
19 0 + 75 0 + 75 + 75 0 + 25 0 - 50 + 25 0 75 75 75 2 5 b 
22 0 + 75 0 + 75 + 75 0 0 0 0 + 75 0 75 75 75 0 c 
23 - 100 - 100 - 100 - 100 - 100 - 14)0 - 100 - 100 -100 - 100 -100 0 0 0 0 d d 
29 + 50 + 50 + 75 + 75 + 25 + 25 + 75 + 50 0 + 75 0 50 75 25 75 b 
31 - 50 - 25 - 25 + 75 + 50 0 - 25 0 0 + 75 0 125 100 75 0 c 
32 - 25 + 25 0 + 50 + 25 + 25 - 50 + 50 0 + 50 0 75 100 25 50 b a 
34 - 25 - 25 - 25 + 75 + 75 0 0 0 0 + 75 0 100 75 100 0 c 
43 0 + 100 0 + 75 + 100 0 + 25 0 0 + 75 0 100 75 100 25 b 
51 - 50 0 0 + 50 + 25 + 25 0 + 50 0 + 25 + 25 100 50 25 25 b b 
58 + 25 + 75 0 + 75 + 100 0 + 25 0 0 + 75 0 100 75 50 25 a b 
61 - 25 0 + 25 + 75 + 75 + 25 - 25 + 25 0 + 50 0 100 75 50 25 b a 
62 + 50 + 25 + 50 + 25 + 50 + 25 + 75 + 25 - 75 0 + 50 25 150 25 50 b a 
68 - 75 0 NR - 75 - 25 - 25 0 - 50 - 50 - 25 - 25 75 50 50 25 a b 
70 + 25 + 50 0 + 75 + 75 + 25 + 50 0 0 + 75 0 75 75 50 50 a a 
77 - 25 + 25 - 50 + 50 + 25 0 + 50 + 50 0 + 25 0 100 50 50 50 a a 
87 + 25 0 + 25 + 75 + 25 + 25 + 75 + 25 0 + 25 0 75 75 0 25 c b 
89 + 75 + 25 + 75 + 50 + 75 + 75 + 75 + 25 + 25 + 25 + 75 50 50 25 50 b a 
aConsensus obtained (25 < TR < 50) cConsensus obtained (TR = 0) v n 
k J NR = no response 
Consensus obtained (0 < TR _ 25) Consensus obtained (R = 0) 
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Panel #1 had several TRs equal to 100. 
Referring to the ranges of the scores, both panels 
widely disagreed (range > 100) on a number of cases. In 
fac t , i f the range rather than the TR had been used to indi­
cate consensus, Panel #1 would have achieved consensus on 
only five cases, and Panel #2 would have achieved consensus 
on only s ix cases. 
The results of round two are presented in Table 15. 
In this round, the high and low responses, together with 
representative comments were "fed-back" to the part ic ipants . 
I t was anticipated that a greater degree of consensus would 
be obtained. It should be noted that a l l of the cases, with 
the exception of case #23, on which unanimous agreement was 
obtained, were reconsidered on the second round, regardless 
of the degree of consensus achieved in the f i r s t round. The 
rationale for this approach was to attempt to obtain the 
highest possible degree of consensus for each case. In 
addition, since the def init ion of s tab i l i za t ion was c lar i f i ed 
for consideration in round two, i t was thought desirable to 
allow the panels to reconsider a l l of the cases in l ight of 
the new information. 
As shown in Table 15 , consensus (TR < 50) was obtained 
in 19 cases for both panels. TRs of 25 or less were obtained 
in 17 cases for Panel #1 and in 14 cases for Panel #2. TRs 
of zero (0) were obtained in eight cases for both panels. 
Unanimous agreement was achieved in one and four cases for 
Table 15. Results of Round Two of the Delphi Exercise 
Panel #1 Panel #2 Consensus 
Case 1-1 1-2 1-3 1-4 1-5 2-1 2-2 2-3 2-4 2-5 2-6 K 2 1 K 1 1 K 2 i A l i A 2 #1 #2 
6 + 50 0 - 50 0 - 50 0 0 0 NR 0 0 100 0 50 0 -17 0 a d 
13 + 100 + 75 + 75 + 75 + 75 0 + 25 + 50 - 25 + 50 + 25 25 75 0 50 + 75 + 25 c a 
15 - 75 - 75 - 75 - 50 - 75 - 75 - 75 - 50 - 75 - 75 - 50 25 25 0 25 -75 -69 c b 
19 + 100 + 75 + 75 + 100 + 50 0 0 0 - 50 + 25 0 50 50 25 0 + 83 0 b c 
22 + 75 + 50 + 75 + 75 + 50 0 + 25 + 25 + 25 + 75 0 25 75 25 25 + 67 + 19 b b 
23 - 100 - 100 - 100 - 100 - 100 - 100 - 100 - 100 - 100 - 100 - 100 0 0 0 0 -100 -100 d d 
29 + 75 + 50 + 50 + 75 + 75 + 25 + 50 + 50 0 + 75 0 25 75 25 50 + 67 + 31 b a 
31 + 50 + 25 - 50 - 25 - 25 0 0 + 50 0 + 25 0 100 50 50 25 - 8 + 6 a b 
32 + 50 + 25 0 + 25 - 25 + 25 - 25 + 25 0 0 - 50 75 75 25 50 + 17 0 b a 
34 + 75 + 50 - 25 + 25 - 25 NR + 25 + 50 + 25 + 25 0 100 50 75 0 + 17 + 25 c 
43 + 100 + 75 + 75 + 100 + 75 NR + 25 + 50 0 + 75 0 25 75 25 50 + 83 + 25 b a 
51 - 25 + 25 - 25 0 - 25 + 25 + 25 0 + 25 0 + 25 50 25 25 25 -17 + 19 b b 
58 + 100 + 75 + 50 + 75 + 75 + 25 + 25 + 25 0 + 50 0 50 50 0 25 + 75 + 19 c b 
61 + 75 + 50 0 + 50 + 25 + 25 + 25 + 50 - 25 + 25 + 25 75 75 25 0 + 42 + 25 b c 
62 + 25 + 25 + 25 + 25 + 50 - 25 + 25 0 - 50 - 50 + 50 25 100 0 75 + 25 -13 c 
68 - 50 - 50 - 50 - 25 - 50 - 25 - 25 - 25 - 25 - 25 - 50 25 25 0 0 -50 -25 c c 
70 + 75 + 50 + 25 + 50 + 50 + 25 + 25 + 50 + 25 + 50 0 50 50 0 25 + 50 + 31 c b 
77 - 25 0 - 50 - 25 - 50 + 25 + 25 + 25 + 25 + 25 + 25 50 0 25 0 -33 + 25 b d 
87 + 75 + 25 0 + 25 + 50 + 25 + 25 + 25 + 25 + 25 + 25 75 0 25 0 + 33 + 25 b d 
89 + 75 + 25 + 50 + 50 + 50 + 50 + 50 0 0 + 25 + 50 50 50 0 50 + 50 + 31 c a 
Consensus obtained (25 < TR < 50) 
'Consensus obtained (0 < TR < 25) 
'Consensus obtained (TR = 0) 
^Consensus obtained (R = 0) 
NR = no response 
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Panels #1 and #2 respect ively . In only one case (for each 
panel) was consensus not achieved. 
Again referring to the ranges of the scores, no wide 
disagreement (as previously defined as a range > 100) appears 
to ex i s t . Moreover, i f consensus was defined as a range of 
50 or l e s s , Panel #1 would have achieved consensus on 14 
cases and Panel #2 would have achieved consensus on 13 cases. 
In addition to examining the degree of consensus 
obtained, i t is also useful to examine the extent to which 
consensus can be attributed to the Delphi process. This 
concept becomes especial ly important in determining i f 
consensus was obtained by chance or i f true agreement (within 
the panels) ex i s t s . In this regard, Tables 16 and 17 present 
the changes in TRs (ATR) for each of the 20 patient cases as 
considered by Panels #1 and #2 respect ively . A negative 
change in TR indicates convergence and a pos i t ive change 
indicates divergence. Hence, convergence was demonstrated 
in 13 cases (65%) by Panel #1 and in 8 cases (40%) by Panel 
#2. Conversely, divergence was demonstrated in only one case 
(5%) by Panel #1 and in s ix cases (30%) by Panel #2. 
In summary, one can conclude that both panels achieved 
a reasonable degree of consensus as indicated by both the TRs 
and ranges of the scores. However, i t appears that Panel #1 
achieved a s l i gh t ly higher degree of consensus. Moreover, 
one might have more confidence in the results obtained from 
Panel #1 since the rat io of convergence to divergence of the 
Table 16. Changes in Truncated Ranges --Panel #1 
Case TR 1 TR2 ATR (TR^TR^ 
6 50 50 0 
13 100 0 -100 
15 0 0 0 
19 75 25 - 50 
22 75 25 - 50 
23 0 0 0 
29 25 25 0 
31 75 50 - 25 
32 25 25 0 
34 100 75 - 25 
43 100 25 - 75 
51 25 25 0 
58 50 0 - 50 
61 50 25 - 25 
62 25 0 - 25 
68 50 0 - 50 
70 50 0 - 50 
77 50 25 - 25 
87 0 25 25 
89 25 0 - 25 
Note: ATR < 0, convergence (13/20 = 65%) 
ATR > 0, divergence (1/20 = 5%) 
ATR = 0, no change (6/20 = 30%) 
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T a b l e 17 . Changes i n T r u n c a t e d Ranges - - P a n e l #2 
Case T R 2 ATR ( T R 2 - T R 1 ) 
6 25 0 -25 
13 0 50 + 50 
15 0 25 + 25 
19 25 0 -25 
22 0 25 + 25 
23 0 0 
29 75 50 -25 
31 0 25 + 25 
32 50 50 0 
34 0 0 0 
43 25 50 + 25 
51 25 25 0 
58 25 25 0 
61 25 0 -25 
62 50 75 + 25 
68 25 0 -25 
70 50 25 -25 
77 50 0 -50 
87 25 0 -25 
89 50 50 0 
N o t e : ATR < 0 , conve rgence ( 8 / 2 0 = 401) 
ATR > 0 , d i v e r g e n c e ( 6 / 2 0 = 30%) 
ATR = 0, no change ( 6 / 2 0 = 30%) 
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20 cases is 13:1 indicating a strong tendency toward true 
agreement within the panel, as compared to a rat io of 8:6 
for Panel #2, a somewhat tenuous f igure. 
In addition to obtaining a higher degree of consensus 
and demonstrating more convergence, Panel #1 experts appeared 
to be s l i g h t l y more confident in their estimates of s t a b i l i ­
zation, as shown in Table 18. Furthermore, the Panel #1 
experts expressed s l i gh t ly greater sat i s fact ion with the 
concept of s tab i l i za t ion although neither panel was highly 
sa t i s f i ed (see Table 1 9 ) . 
Inter-Panel Agreement. Another measure of the va l id i ty 
of the s tab i l i za t ion experiment is the extent to which the 
two independent panels arrive at the same conclusions given 
the same judgmental problem ( i . e . , the assessment of level 
of s tab i l i za t ion for the group of 20 patient cases) . If 
inter-panel agreement is high, one can more j u s t i f i a b l y argue 
that the results obtained in this Delphi study are val id 
(Note that such agreement does not prove the va l id i ty of the 
study, but is suggestive of v a l i d i t y ) . However, i f the two 
panels s igni f icant ly disagree, the interpretation becomes 
even less c lear. Actually several interpretations could be 
made: 
1. One panel is "correct," the other 
incorrect. 
2. Both panels are "wrong." 
3. The judgmental problem is so "fuzzy" 
and i l l -de f ined that i t is d i f f i c u l t , 
Table 18. Panel Confidence in the Stabi l izat ion Estimates 
Panel ^° L i t t l e Some Much Full 
Confidence Confidence Confidence Confidence Confidence 
#1' 
#2 
Consisting of five experts. 
Consisting of s ix experts. 
Table 19. Panel Satisfaction with the Concept of Stabi l izat ion 
Panel Extremely Sl ight ly Adequately Very Extremely 




i f not impossible, for either of the 
panels to make val id judgments. 
A paired t - t e s t between the mean s tab i l i za t ion 
s c o r e s 3 2 of the two panels indicated no s ignif icant difference 
(see Table 2 0 ) . However, the small sample s ize (n=20) 
coupled with the high standard deviation of the responses may 
mask some true dif ferences . For example, the two panels 
disagreed by over 80 points on case #19 (see Table 1 5 ) . 
Further insight into inter-panel agreement can be 
obtained by examining the extent to which the panels agree 
on the gross c la s s i f i ca t ion of a patient as either stable 
[posi t ive (+) or zero TA] or unstable [negative (-) r a t i n g ] . 
As shown in Table 21 , the panels agree with respect to 15 
out of the 20 cases (75%) . 
The above tests for inter-panel agreement indicate 
that a reasonable amount of agreement was obtained. However, 
i t appears that the concept of s tab i l i za t ion (as defined 
herein) is somewhat fuzzy as indicated by the 25% of the 
cases on which the panels disagreed. 
A closer examination of the f ive cases on which the 
panels disagreed (see Table 22) shows that a l l of the 
responses f a l l within the center part of the s tab i l i za t ion 
outcome scale , the highest range being from -33 to +25. 
32 
Final mean scores for each case as generated by 
each panel are represented in terms of a "truncated average" 
(TA). The TA is defined as the mean of the responses 
contained within the TR. These values are shown in Table 
15. 
Table 20. Paired t - t e s t Between Panel #1 and Panel #2 Responses 













11.80 9.4 1.25 . 2 2 7 a 
S t a t i s t i c a l l y not s i g n i f i c a n t , p > . 0 5 . 
Table 21. Inter-Panel Agreement on the Stable/Unstable 
Class i f i ca t ion 
Case Panel #1 Panel #2 Agreement 
6 - o a No 
13 + + Yes 
15 - - Yes 
19 + 0 Yes 
22 + + Yes 
23 - - Yes 
29 + + Yes 
31 - + No 
32 + 0 Yes 
34 + + Yes 
43 + + Yes 
51 - + No 
58 + + Yes 
61 + + Yes 
62 + - No 
68 - - Yes 
70 + + Yes 
77 - + No 
87 + + Yes 
89 + + Yes 
By def in i t ion , zero (0) is a stable c l a s s i f i c a t i o n . 
9 9 
Table 22. Panel Disagreement--Stable Versus Unstable 
Case Panel #1 Panel #2 
Number Class i f icat ion Class i f icat ion 
6 -17 0 
31 - 8 + 6 
51 -17 +19 
62 +25 -13 
67 -33 +25 
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These results are not surprising since the scale is "fuzzy" 
at the zero (0) point . Hence, some disagreement is expected 
in "borderline" c lass i f i ca t ions of stable versus unstable. 
Thus one can conclude that the two panels agree with respect 
to the dichotomous stable/unstable c l a s s i f i c a t i o n . 
The Regression Models 
Six alternative regression models were formulated 
to represent s tab i l i za t ion based on the results of the Delphi 
study. To begin, separate models were developed using both 
the responses from Panels #1 (STAB1) and #2 (STAB2), as the 
dependent variables . 
In addition, alternative representations of v i t a l 
signs were considered. These included Euclidean distances, 
2 2 
changes in squared v i t a l signs ( e . g . , ESBP1 - ASBP ) and 
changes in v i t a l signs (e .g . ESBP1 - ASBP). The number of 
variables considered in any one model was necessari ly 
l imited due to the small sample s ize ( 2 0 ) . Hence, combina­
tions of no more than six (6) variables were considered as 
candidate regression models. Given this r e s t r i c t i o n , i t was 
not possible to study the ef fects of a l l the variables included 
in the basic data set (see Table 2 ) , part icular ly s ingle v i t a l 
sign measurements (e .g . ASBP, ESBP1, ADBP, EDBP1...) and 
interactions between the v i t a l signs (e .g . ASBP x APULS, 
ESBP1 x EPULS1), with the exception of the Euclidean distance 
terms. Accordingly, s ix alternative models were developed 
and are hereinafter referred to as Models I , I I , I I I , IV, V, 
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and V I , respect ively . 
The variables i n i t i a l l y included in each model are 
l i s t e d in Table 23. The variables entered and removed from 
the equations as a result of the stepwise se lect ion procedure 
are l i s t e d in Tables 24 through 29. Also presented in Tables 
24 through 29 are the significance of regression, the 
2 
coef f ic ient of multiple determination (R ) and the coeff ic ient 
of multiple correlation (R) . Table 30 presents the corre­
sponding regression equations. 
Internal Val id i ty . The internal s t a t i s t i c a l properties 
2 
of the regression models (R , s ignificance of regression, 
residuals) were assessed in order to (1) determine i f the 
models adequately represent the physicians' process of 
c la s s i f i ca t ion by s tab i l i za t ion level and (2) se lect the best 
model from among the six alternative models. 
2 
As shown in Table 31 , Model I maximizes R (=.87) and 
is highly s ignif icant (p=0) . Model II has the next largest 2 2 R ( = . 8 4 ) . A l l other models have R s t a t i s t i c s at appreciably 
lower levels and are not s t a t i s t i c a l l y s ign i f i cant . I t should 
be noted that both Models I and II included Euclidean distance 
terms rather than changes in v i t a l signs or changes in squared 
v i t a l s igns. Equally s igni f icant is the observation that 
given identical sets of independent var iables , the models 
based on STAB1 (assessment of level of s tab i l i za t ion by Panel 
2 
#1) as the dependent variable have consistently higher R 
s t a t i s t i c s than do the models based on STAB2 (assessment of 
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Table 23. Variables I n i t i a l l y 
Stabi l izat ion Models 
Included in the 
Variable Symbol Regression Model 
( i f d i f ferent) I II I I I IV V VI 
AGE X X X X X X 
SEX X X X X X X 
AEUCLID X X 
EEUCLID1 X X 
(ESBP1-ASBP) XSBP X X 
(EDBP1-ADBP) XDBP X X 
(EPULS1-APULS) XPULS X X 
(ERESP1-ARESP) XRESP X X 
(ESBP12-ASBP2) XXSBPSQ X X 
(EDBP12-ADBP2) XXDBPSQ X X 
(EPULS12-APULS 2 ) XXPULSQ X X 
(ERESP12-ARESP 2 ) XXRESPQ X X 
Table 24. The Stabi l izat ion Outcome Measure--Model I 
Step Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
1 EEUCLID1 69.80754 .000 .89163 .79501 69.80754 .000 
2 SEX 5.15003 .037 .91797 .84267 45.52611 .000 
3 AGE 2.14781 .162 .92806 .86129 33.11590 .000 
4 AEUCLID 1.43345 .250 .93455 .87339 25.86814 .000 
Table 25. The Stabi l izat ion Outcome Measure--Model II 
Step Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
1 EEUCLID1 42 .99661 .000 .83958 .70490 42. 99661 .000 
2 SEX 8 .07179 .011 .89438 .79991 33. 98039 .000 
to AEUCLID 1 .75687 .204 .90538 .81970 24. 24779 .000 
4 AGE 2 .05478 .172 .91729 .84143 19. 89841 .000 
Table 26. The Stabi l izat ion Outcome Measure--Model I I I 
Step Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
1 AGE 4.51417 .048 .44778 .20050 4. 51417 .048 
2 XPULS 2.84375 .110 .56132 .31508 3.91016 . 040 
3 XSBP 1.34838 .263 .60689 .36831 3.10965 .056 
4 XRESP .56118 .465 .62537 .39109 2.40857 .095 
5 SEX .11613 . 738 .62937 .39610 1.83654 .170 
6 XDBP .09077 .768 .63268 .40029 1.44619 .270 













1 XPULS 1.81422 .195 .30259 .09156 1.81422 .195 
2 XSBP 3.19514 .092 .48507 .23529 2.61531 .102 
3 AGE .84172 .373 .52298 .27351 2.00788 .153 
4 XDBP .11788 . 736 .52837 .27917 1.45235 .266 
o 
ON 
Table 28. The Stabi l izat ion Outcome Measure--Model V 
Step Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
1 XXRESPQ 5.22825 .035 .47443 . 22508 5.22825 .035 
2 AGE 2 .71167 .118 .57592 .33168 4.21854 .033 
3 XXPULSQ 1.18559 .292 .61465 .37779 3.23826 .050 
4 XXDBPSQ .32395 . 578 .62525 .39094 2.40706 .095 
5 SEX .19549 .665 .63193 .39933 1.86147 .165 
Table 29. The Stabi l izat ion Outcome Measure--Model VI 
Step Variable F to Significance Multiple R Overall Significance 
Entered Removed Enter or R Square F 
Remove 
1 XXPULSQ 5.49608 .031 .48365 .23391 5.49608 .031 
2 AGE 1.34476 .262 .53858 .29007 3.47306 .054 
3 XXSBPSQ .26757 .612 .54932 .30175 2.30481 .116 
4 XXDBPSQ .25150 .623 .55970 .31326 1.71061 .200 
5 SEX .17850 .679 .56737 .32191 1.32924 .308 
6 XXRESPQ .01638 .900 .56812 .32276 1.03261 .448 
Table 30. Alternative Regression Equations Representing the Stabi l izat ion 
Outcome Measure 
Regression 






STAB1 = 136.98326-.72571729(AGE)+34.388212(SEX) 
- 3 . 2 373003(AEUCLID)-18.607334(EEUCLID1) 
STAB2 = 19.380585+.43174774(AGE)+28.174941(SEX) 
+3.1706714(AEUCLID)-16.846809(EEUCLID) 
STAB1 = 126.24485-1.5870284(AGE)-22.020085(SEX) 
+.23396596(XSBP)+.28405698(XDBP) 
-.57938619(XPULS)-1.1374417(XRESP) 
STAB2 = 39.978333-.52050252(AGE)+.32174632(XSBP) 
-.15731063(XDBP)-.57198396(XPULS) 
STAB1 = 118.85791-1.4679669(AGE)-19.804142(SEX) 
+0.0024336214(XXDBPSQ)-0.0020263426(XXPULSQ) 
-0.028945781(XXRESPQ) 
STAB2 = 38.791476-.53224936(AGE)+12.826651(SEX) 
+0.00054690538(XXSBPSQ)-0.001502 2 363(XXDBPSQ) 
-0.0035432432(XXPULSQ)-0.002 8826848(XXRESPQ) 
Table 31. Comparison of the Regression Models 
Model Dependent Variable 
Independent Variables 
( In i t i a l Set) R
2 
I STAB1 AGE, SEX, AEUCLID, EEUCLID1 . 8 7 a 
II STAB 2 AGE, SEX, AEUCLID, EEUCLID1 . 8 4 a 
III STAB1 AGE, SEX, XSBP, XDBP, XPULS, XRESP .40 
IV STAB 2 AGE, SEX, XSBP, XDBP, XPULS, XRESP .28 
V STAB1 AGE, SEX, XXSBPSQ, XXDBPSQ, XXPULSQ, XXRESPQ .40 
VI STAB 2 AGE, SEX, XXSBPSQ, XXDBPSQ, XXPULSQ, XXRESPQ .32 
S t a t i s t i c a l l y s i g n i f i c a n t , p < 0 .001 . 
I l l 
s tab i l i za t ion by Panel # 2 ) . Accordingly, Model I can be 
considered as the "best" overall model. With respect to the 
STAB2 models, Model II was se lected. Both models have high 
R and are both highly s igni f icant . 
The residuals of Models I and II are plotted in Figures 
7 and 8, respect ively . Neither plot appears to be s t r i c t l y 
normally distr ibuted, although both possess some normal 
characterist ics ( e . g . , unimodal central tendency). I t is 
d i f f i c u l t to interpret the plots due to the small sample s i z e , 
but due to the robustness of the assumption of normality, one 
can probably conclude that the observed non-normality w i l l not 
invalidate the model. 
Characterist ics of the Sample 
The s tab i l i za t ion model was based on a sample of 20 
patient cases. The 20 cases represent a random sample of the 
tota l 83 case data base. The sample was s t ra t i f i ed with 
regard to survivors and non-survivors in the same proportion 
(75%/25%) as contained in the overall sample. The number of 
cases was not s t a t i s t i c a l l y selected but rather were consid­
ered to be reasonable for the panel to consider. 
The characterist ics of the. patients in the 20 case 
sample c lose ly resemble those in the 83 case sample. The 
average age of the patients in the 20 case sample was 62 
years, 95 per cent were white, and 85 per cent were male, as 
compared to overal l sample parameters of 62 years , 94 per 
cent white, and 74 per cent male. T-tests between the two 
samples indicated no s ignif icant dif ferences . 
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Figure 7. Residual Plot--Model I 
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Figure 8. Residual Plot- -Model II 
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CHAPTER VII 
DISCUSSION OF RESULTS 
The following chapter provides additional interpre­
tation of the results of the thes i s . 
The Index of I n i t i a l Condition 
The regression model chosen to represent the index of 
i n i t i a l condition (Model B) had an R of approximately 0.4 
indicating that 40% of the variance had been explained by the 
model. While not indicative of a high degree of correlation 
(R=.63) , i t would seem to be a reasonable amount of variance 
to be explained by severity of i l lnes s alone. Ostensibly, 
medical intervention would explain much of the residual 
variance. 
With respect to predict ive accuracy, the optimized 
and theoret ical misc lass i f icat ion rates of 12% and 13.3% 
respect ive ly , compare favorably with the misc lass i f i cat ion 
rates yielded in similar s tudies . In this regard, Table 32 
presents the misc lass i f i cat ion rates obtained with the coronary 
prognostic indices of Hughes et a l . , Shubin et a l . , and 
Verdouw et a l . as compared to those obtained in the present 
study. The rates derived for the CPIs range from 7% to over 
10%. The small difference between these rates and those 
obtained herein is not part icular ly s ignif icant and is 
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Table 32. Misc lass i f i cat ion Rates--Coronary Prognostic Indices 
Versus the Index of I n i t i a l Condition (Model B) 
CPI Misc lass i f i cat ion Rate(s) 
Hughes et a l . (1963) 
Shubin et a l . (1968) 
Verdouw et a l . (1975) 
The Index of In i t i a l 
Condition (Model B) 
Optimized misc lass i f i cat ion rate . 
Theoretical misc lass i f i cat ion rate . 
8 . 3 $ a 
7%b 
9%,10.7%b 
12% a ,13.3% b 
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probably attributable to the fact that the CPIs are based on 
information recorded at points in time closer to the target 
event ( surv iva l ) . 
Application of the Model 
Based on the results presented in Chapter V I , one can 
conclude that the index of i n i t i a l condition is a reasonably 
val id predictor of mortality associated with AMIs. As such, 
i t is a potent ia l ly useful instrument for controll ing the 
ef fects of severity of infarction in research designs. In a 
s t a t i s t i c a l sense, the index can be considered as a blocking 
mechanism. For example, consider the evaluation of the use of 
xylocaine (a cardiac drug) to prevent ventricular f i b r i l l a t i o n 
(extremely rapid, uncoordinated vibrations of the ventricles 
of the heart result ing in ineffect ive pumping ac t ion) . 
Accordingly, one might be interested in the ef fect of the use 
of this drug on outcome ( e . g . , survival or s t a b i l i z a t i o n ) . 
Assume that data were col lected on those patients who 
received the drug and those who did not. Further assume that , 
for the purposes of evaluation, the training and a b i l i t i e s 
of the emergency medical technicians, the ambulances and 
equipment, and the type of treatment available (with the 
exception of xylocaine) are s t a t i s t i c a l l y equivalent for each 
patient case. This assumption is not altogether untenable 
since the preceding factors are a l l control lable to a large 
degree. 
However, the e f fects of patient condition cannot be 
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assumed to be equal. In fac t , as Gibson (1974, p. 108) has 
observed, patients may l ive or die "solely as a function of 
their condition and that the only ef fect of EMS expenditures 
is influencing when and where death takes place ." Thus, in 
order to evaluate the ef fects of the introduction of the 
drug, patient condition (or severity) must be accounted for . 
S t a t i s t i c a l l y , this can be accomplished by segregating the 
patients according to the value of the index of i n i t i a l 
condition, which has been shown to be related to mortal i ty . 
Given this framework, a fixed ef fects analysis of variance 
design with complete blocks can be used to assess both the 
e f fects of intervention and patient condition on outcome. 
The Stabi l izat ion Outcome Measure 
The regression model chosen to represent level of 
s tab i l i za t ion (Model I I ) had an R 2 of 0.87 (R=0.93) , indicating 
a very strong s t a t i s t i c a l relationship between s tab i l i za t ion 
and i t s predictors . Thus, the choice of a l inear model 
appears to have been appropriate. In addition, i t would 
appear that the panels assessed the patient cases in a 
consistent manner. 
Although both intra-panel and inter-panel agreement 
were demonstrated, panel sa t i s fac t ion was not as high as 
would have been desirable . At least some of the d i s sa t i s ­
faction can be attributed to the constraint that the measure 
be based on commonly available data included in both the 
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ambulance run report and the emergency department report. In 
this regard, the panels were asked to comment on the study 
as part of the second round of the Delphi exercise . Among 
the comments included: 
The basis of this study lacks an appreciation for 
the rhythm disturbance patterns necessary to 
establ ish degree of s t a b i l i t y . Notation of normal 
sinus rhythm versus arrhythmias is important. 
Vi ta l signs alone are not good indicators of 
s t a b i l i t y for AMI. 
I just don't know how valuable this sort of 
assessment wi l l prove to be. After a l l , the 
concept of pre-hospital coronary care (to me) is the 
the expedient treatment of warning arrhythmias 
to prevent lethal arrhythmias - -or to take 
def in i t ive action for such arrhythmias and 
information on arrhythmias was not considered. 
These responses were anticipated by the investigator'and 
indeed have much merit. In fac t , most prospective studies 
of the pre-hospital c l in i ca l course of AMI center about the 
e f fects of l i fe-threatening arrhythmias, due to their pronounced 
ef fect on mortality and the potential for taking def in i t ive 
pre-hospital action. However, pre- and post - intervention 
arrhythmia data was not routinely available from exist ing 
records and thus could not be included in the study. 
In addition, various panel members suggested that a 
number of other variables be included in the model. These 
include level of consciousness, type of treatment given by 
the emergency medical technician (EMT), regularity of the 
pulse , history of hypertension, shortness of breath, anxiety 
l e v e l , presence and type of pain, juglar vein distension, 
1 1 9 
skin co lor , and assessment of patient condition by the EMT. 
These comments were not unexpected since physicians are 
accustomed to making decisions based on more detailed 
information than was made available in the Delphi study. 
However, i t is interesting to note that despite the l imita­
tions of the data, the panels obtained a reasonable degree 
of consensus and thus appeared to be able to arrive at 
decisions based on limited information. 
In addition to the l imitat ions posed by the composi­
tion of the data, the small sample size l imited the number of 
variables that could be assessed in combination with one 
another. Similarly , the number of different types of patients 
that could be studied was res tr ic ted . Due to these l imita­
t ions , i t must be stressed that the s tab i l i za t ion outcome 
measure represents but an i n i t i a l attempt to develop an 
outcome measure for PHECC. Thus, the s tab i l i za t ion model 
should be further refined with increases sample s ize and with 
additional information included. 
Stabi l izat ion and Survival 
One important aspect of the s tab i l i za t ion outcome 
measure that has yet to be addressed in the present research 
is the relationship between s tab i l i za t ion and "final" 
outcome (in this case, hospital morta l i ty ) . Although the 
relationship has yet to be documented, one can reasonably 
hypothesize that pre-hospital s tab i l i za t ion of patient 
condition has a pos i t ive e f fect on outcome ( i f not, the real 
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ef fects of EMS intervention are for naught). 
To tes t this hypothesis, the s tab i l i za t ion outcomes 
for each of the patients in the 93-case data base were predicted 
using the regression equations derived in Models I and I I . 
These estimates (predictions) of s tab i l i za t ion outcome, 
referred to as RSTAB1 and RSTAB2, were then compared with 
patient mortality to determine what type of relationship 
e x i s t s . 
To this end, the probabi l i t ies of survival for stable 
and unstable patients were calculated. As shown in Table 33 , 
the probabi l i t i es indicate that the stable patient has a 
greater chance of surviving than does the unstable patient . 
While not indicative of a strong relationship between 
s tab i l i za t ion and mortal i ty , i t does appear that a pos i t ive 
relationship ex i s t s . Furthermore, i t should be remembered 
that the s tab i l i za t ion outcome measure as developed herein 
considers only pre-hospital s tab i l i za t i on . Ostensibly, 
consideration of the ef fects of s tab i l i za t ion in the emergency 
department and in the coronary care unit would strengthen the 
re lat ionship. 
Application of the Model 
The s tab i l i za t ion outcome measure provides a means by 
which the ef fects of EMS intervention on patient condition 
can be direct ly measured. Accordingly, one possible appli­
cation of the measure would be as the appropriate response 
variable (as opposed to survival) for the evaluation design 
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Table 33. The Relationship Between Stabi l izat ion 
and Survival 
Based on the Based on the 
Probabi l i t ies (P) RSTAB1 RSTAB2 
Prediction Prediction 
P(Survival /pt . stable) 






proposed in conjunction with the index of i n i t i a l condition, 
as discussed on page 116. 
In addition, the concept of system effectiveness can 
be defined in terms of s tab i l i za t ion . For example, ef fec­
t iveness , as measured as a function of an intervention vector, 
could be defined as a pos i t ive change in level of s t a b i l i ­
zation over time. In this regard, level of s tab i l i za t ion 
could be assessed at several points in time--notably enroute 
to the hospi ta l , upon arrival at the emergency department, 
and upon entry into the coronary care unit . 
Summary 
In conclusion, the s tab i l i za t ion outcome measure and 
the index of i n i t i a l condition are potent ia l ly valuable 
research t o o l s . However, further research is needed to more 
fu l ly examine the concepts and to explore the possible 
extensions and appl icat ions. 
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CHAPTER VIII 
CONCLUSIONS AND RECOMMENDATIONS 
Based upon the research completed in pursuit of the 
objectives of the thes i s , the following conclusions are 
offered: 
1. The index of i n i t i a l condition (Model B) , which 
was developed in terms of a functional relationship between 
the dependent var iable , hospital mortal i ty , and a number of 
independent variables (which included v i t a l signs and 
interactions between v i t a l s igns, age, sex, pupil s tatus , 
level of consciousness, weight, and previous h i s t o r y ) , is a 
reasonably val id predictor of short-term survival associated 
with acute myocardial infarct ion. 
2. High inter-panel agreement was demonstrated with 
respect to the c la s s i f i ca t ion of patients as stable or 
unstable; moderate inter-panel agreement was demonstrated 
with respect to c la s s i f i ca t ion of patient condition on the 
nine point s tab i l i za t ion outcome scale . 
3. The panels were not as sa t i s f i ed with the concept 
of s tab i l i za t ion as would have been des irable . At least 
some of the d i ssat i s fact ion can be attributed to the omission 
of electrocardiogram readings (due to unavai labi l i ty of data) 
level of consciousness, and other patient condition information 
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(due to the need to minimize the number of independent 
variables) from consideration in the s tab i l i za t ion experiment. 
4. Physician perception of s tab i l i za t ion of the AMI 
patient is well represented by a multiple l inear regression 
model. 
5. S tabi l i zat ion , as defined herein, appears to be 
related to short-term survival associated with acute myocardial 
infarct ion. 
6. Development of a s tab i l i za t ion outcome measure 
is a reasonable approach by which to represent the c l i n i c a l 
outcome of AMI direct ly attributable to EMS intervention. 
Due to sample size l imitat ions , the s tab i l i za t ion outcome 
measure, as developed herein, is but an i n i t i a l attempt to 
develop such an intermediate outcome measure. 
7. Characteristics of present EMS data systems such 
as lack of essential information and non-standardization of 
reporting mechanisms, l imit the retrospective development of 
more sophisticated indices of patient status and other 
evaluative measures. 
It is recognized that the present research represents 
only an i n i t i a l attempt to develop an outcome-based evaluation 
model for PHECC. As such, many refinements are both desirable 
and necessary. As a re su l t , a number of open research 
questions ex i s t . Accordingly, the following recommendations 
suggest possible directions for future research. 
1. The index of i n i t i a l condition and the s tab i l i za t ion 
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outcome measure should be broadened to include other var iables , 
most notably electrocardiogram readings. 
2. Both measures should be validated with prospectively-
col lected data. 
3. The entire experiment should be replicated for a 
different patient condition. A number of physicians on the 
panel suggested that the methodology would be more applicable 
to injuries as opposed to i l l n e s s . Accordingly, a good 
candidate for further study would be some type of trauma. 
4. Subsequent Delphi experiments should be refined 
so as to include a panel (or panels) of physicians from places 
outside the metropolitan Atlanta area. It would then be 
possible to assess the ef fects of any local bias in relat ion 
to a broader-based group of experts. 
5. The use of the index of i n i t i a l condition as an 
i n i t i a l coronary prognostic index should be invest igated. 
6. Only 20 patient cases were used in the development 
of the s tab i l i za t ion measure. I t is suggested that a larger, 
s t a t i s t i c a l l y - s e l e c t e d sample be used to extend and val idate 
the model. 
7. In general, the entire experiment should be 
expanded to include much larger and more diverse sample 
s i z e s . 
8. After further examination of the s tab i l i za t ion 
concept, the relationship between patient s tab i l i za t ion and 
f inal outcome (in terms of not only survival but also 
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disabi l i ty /morbidi ty) should be extensively studied. 
9. The validated model should be tested in an 
operational environment. The relationships among s t a b i l i ­
zation, sever i ty , f inal outcome, process and input variables 
should be examined in de ta i l . 
10 . Present PHECC data co l lect ion instruments should 
be examined with respect to their eff icacy for outcome 
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evaluation. 
Recently, Polnitsky et a l . (1977) have suggested a 
uniform reporting system for PHECC evaluation. This data 





AMBULANCE RUN REPORT 
This appendix contains a copy of the ambulance run 
report in use during the study period. 
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| CONTROL NUMBER | PATIENT NUMBER 
0-1 2 3 4 5 6 7 8 9 
o o o o o o o o o o NAME LAST FIRST 0 1 2 3 A 5 6 7 8 9 
O O O O O O O O O O STREET ADDRESS 0 0 6 0 0 0 6 0 0 0 0 1 2 3 4 5 6 7 8 9 
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6 6 6 6 6 6 6 6 6 6 
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1 Io O 
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0 TRANSPORTED BY 1 TO 
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LO O sj6 6 6 6 6 6 6 6 6 6 ! 
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O O O O O O CD CD CD CD' 
SIGNATURE. \CD CD CD CD CD CD CD CD CD CD \ GIVEN LOCATION 
I ILLNESS/INJURY 
IQ O O CD O CD O 
IO O O O CD- Dj O 
SITE | AID GIVEN 
6j6 6 6: 
0 6 0 6 1 
• 6 6 0 6 6 6 6 6 6 6 1 1 
: 6 CD CD 6 6 6 ^ 6 6~6~~6| J 
O_O O O O_ 
0 6 0 O O I 
O-QJR 0 6 6 6 6 6 ] ! 
- - 6 6 6 6 6 6h 
I PULSE 
O O O O O OI 
O O O O I 
IBLOKF ANU RFCMARTK 
<Mi UM *I«T •» 3 O O O O 
OLI»> LINFC 3. (,'HPTP 
CHANGE 
AT -L • I 1 >. ^ CD 6 6 6. 6 0 0 6 6 6 6 V > 6 6 J 
cr ) 6 ./ L .• :N FI. NC. 6 6 6 6 6 0 0 6 6 6, 
? ZDjC C.J 1 ./ C.J O — O O 6 6 6 6 6 6 6 6 6 6 
NIC T KCPO IO <•--. 0 O O O, ? rt.:" C'i' O O O O 6 6 6 6 6 
"REMARKS: TIME DISPATCHED 
;0 O O O O O 0 0 6 0 IO : 2 O O 
-.0 6 6 6 6 6 6 0 6 6 : X O 6 6 6 6 6 6 6 CD 9 1 
O -
EMT SIGN HERE • 
CENSUS TRACT Z 6 6 6 6 6 6 6 ! mm 6 6 6 6 6 6 6 6 8 
O 
6 
6_O 6 . 6 0 6 0 0 0.61' |6. CD CD CD CD CD CD CD _Q 6 ! TO O O O O 0 0 0 0 0 6 6 6 6 6 6 '6 6 6' TIME ARRIVE AT SCENE 6 6 6 6 6 6 6 6 6 9 
0 8 9 ; 
O 0 ! 
| 
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O OL 1 ADVISED 
O Z I O 6 6 6 6 6 6 DRY R«M RUN O O 6 6 TN] O O.O.J 0 
6 6 
TYPE OF LOCATION! 1 1 GIVEN SIGNAL % 6 6 0 6 6 6 6 6 6 9 1 01 RUN CONDITIONS MOWT 1. IM LIB. ,Q O O O O O 0 0 R. : , IS 411 I IS O ; IO O O 6 OFR 
O 
TIME ARRIVED AT ED 1 5 SIN. -.-O O O O 6 6 
V OTHER ASSISTANCE I V ACTUAL SIGNAL u io 6 6 1 ! 0 KR. O ORE 
O O O 
IT m--. : •. (.A.?. :0 O CD O O O O 0 (,»!. '• | 10 41! 15 18 
O < |0 0 0 0 
TH O I 6 CD CD CD CD CD CD CD 6 6! I Z 6 6 6 6 6 6 6 
: * AMB REQUIRED BY ADVISING PHYSICIAN Z 0 0 0 0 0 0 0 0 6 6 6 
I 6 6 6 6 6 6 6 I 5 T"° 0 1 2 3 4 S 6 7 








This appendix contains the form developed for the 
purpose of recording information abstracted from the ambulance 
run report and the hospital medical record. 
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DATE OF ADMISSION_ 
LENGTH OF STAY 
AMI ABSTRACTING FORM MEDICAL RECORD #_ 
AMBULANCE RUN REPORT #_ 
AMBULANCE U N I T # 
( ) DCFD ( ) GATR 
PATIENT I D E N T I F I C A T I O N : 
AGE 





WEIGHT: ( ) NOT OBESE 





NEUROLOGICAL STATUS (AMBULANCE): 
PUPILS CONSCIOUSNESS 
EQUAL ( ) NORMAL } 
UNEQUAL ( ) DAZED C 
DILATED ( ) CONFUSED \ FOR DCFD 
NO RESPONSE ( ) UNCONSCIOUSJ 
EQUAL ( ) CONSCIOUS "} 
RIGHT LARGER ( ) CONFUSED C 
LEFT LARGER ( ) SEMI -CONSCIOUS\ FOR GATR 
DILATED ( ) UNCONSCIOUS J 
CONSTRICTED 
( ) NO REACTION TO L I G H T 
ARRHYTHMIAS (AMBULANCE): 
( ) NONE; SINUS RHYTHM 
( ) SUPRAVENTRICULAR 
( ) VPBS; VENTRICULAR TACHYCARDIA 
( ) VENTRICULAR F I B R I L L A T I O N 
( ) ASYSTOLE 
( ) UNKNOWN 
CYT3 8 /18 /76 
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Severity (Ambulance): Comments 
( ) Minimal ^ 
( ) Moderate / 
( ) Severe T For DCFD 
( ) Critical \ 
( ) DOA J 
( ) Minor 
( ) Moderate ^ For GATR 
( ) Critical 
( ) Apparent death before arrival 
( ) Apparent death after arrival 
Change in Condition (Ambulance): 
( ) Improved 
( ) Unchanged 7 For DCFD 
( ) Worsened J 
( ) Improved 
( ) Unchanged > For GATR 
( ) Weakened 
( ) Apparent death 




( ) 410.0 
( ) 410.9 
History: 
( ) Previous MI 
( ) Previous angina 
( ) Previous CHF 
( ) Previous diabetes 
( ) Other: 
Heart Size: 
( ) Enlarged ( j Confirmed by chest X-ray within 24 hours ( ) Not enlarged J j J Confirmed after 24 hours 
Patient Disposition/Follow-up: ( ) No X-ray: 
( ) DOA 
( ) Admitted to hospital 
( ) Released from ED 
( ) Survived at 24 hrs. 
( ) Survived at 48 hrs. 
( ) Survived at 72 hrs. 
( ) Discharged alive 
Response Time: 
Dispatch 
Arrival on scene 
Arrival at ED 
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APPENDIX C 
EMERGENCY DEPARTMENT REPORT 
This appendix contains a copy of the emergency 
department report in use in the test hospital in the study 
period. 
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PATIENT NO. SC 
O U T P A T I E N T R E C O R D 
EMERGENCY OR OUTPATIENT 
DATE OF VISIT TIME OF VISIT HOW ADMITTED TYPE I CLASS DATE OF BIRTH 
PAT LAST NAME. FIRST. MIDDLE OR MAIDEN 
AR RACE DATE LAST INP. ADM 
NAME OF HUSBAND OR PARENT 
AT ADDRESS. APT. NO.. CITY. STATE. ZIP c 
ANES DRUGS 
M&S SUPPLIES 
GUARANTOR'S NAME ft ADDRESS 
GUA. IOR PATIENT SI EMPLOYER'S NAME ft ADDRESS GUA. SOC. SEC. NO. 
PAT. PHONE GUA. PHONE TPOLICY. CONTRACT. MEDICARE NOjGROUP 
MEDICAL AND SURGICAL PERMIT: I CONSENT TO MEDICAL AND SURGICAL ASSIGNMENT OF INSURANCE BENEFITS: I AUTHORIZE PAYMENT PROCEDURES, ANESTHESIA, X-RAY, BLOOD TRANSFUSION, AND DRUGS WHICH DIRECTLY TO THE ABOVE NAMED HOSPITAL AND TREATING PHYSICIANS OF THE DOCTORS DEEM NECESSARY. INSURANCE BENEFITS HEREIN SPECIFIED AND OTHERWISE PAYABLE 10 ME. 
SIGNATURE GUARANTEE OF ACCOUNT: I HEREBY GUARANTEE PAYMENT OF AL  HOSPITAL AND PHYSICIAN CHARGES INCURRED BY THE ABOVE NAMED PATIENT FOR THIS VISIT. 
SIGNATURE REEASE OF INFORMATION: I AUTHORIZE THE RELEASE OF INFORMATION O  THIS FORM FOR INSURANCE PURPOSES. 
PHYSICIAN FEES ARE NOT INCLUDED IN THIS BILL. IMPORTANT: OUR COST OF EMERGENCY MEDICAL CARE 
IS BASED ON CASH PAYMENT AT TIME OF SERVICE. 










RELEASED FROM ED 
A.M. 
P.M. 
ADMITTED TO ROOM NO. 
ASSISTED BY 
NURSE'S SIGNATURE 
PHYSICIAN'S REPORT DR. FIRST SAW PAT, 
PHYSICAL FIND1NGS:_ 
TREATMENT:^ 
SIGNATURE OF EMER. OR PRIVATE PHYSICIAN 
DIAGNOSES:^ 
REFERRAL AND INSTRUCTIONS:. 
FORM NO, 3-5S01 (REV, 8-7s) 
BUSINESS OFFICE OUTPATIENT RECORD 
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APPENDIX D 
ROUND ONE DELPHI QUESTIONNAIRE 
This appendix contains an abbreviated (only two 
representative patient cases are included) copy of the 
questionnaire used in the f i r s t round of the Delphi study. 
This questionnaire was distributed to both Panel #1 and #2. 
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G E O R G I A I N S T I T U T E O F T E C H N O L O G Y 
A T L A N T A , G E O R G I A 3 0 3 3 2 
PROGRAM IN HEALTH SYSTEMS ( 404 ) 894-4550 
COLLEGE OF ENGINEERING 
Thanks so much f o r agreeing to pa r t i c ipa te i n t h i s expert opinion s tudy . T h i s 
research study i s being conducted as part o f my program o f study f o r the Master 
o f Science i n I n d u s t r i a l Engineer ing at Georgia Tech. 
As we d iscussed , the research s p e c i f i c a l l y examines acute myocardial i n f a r c t i o n s , 
and i s aimed toward the development o f intermediate pa t ien t outcome measures 
f o r emergency medical serv ices eva luat ion . These outcome measures w i l l be based 
upon a p a t i e n t ' s c l i n i c a l s t a t u s as represented by v i t a l s i g n s . P a t i e n t s t a t u s 
i s viewed i n terms o f v i t a l s i g n s because i t i s desired to develop an outcome 
measure based s o l e l y upon commonly avai lable i n f o r m a t i o n . 
By means o f a q u e s t i o n n a i r e , I would l i k e to obtain your perception o f the 
degree to which a p a t i e n t ' s condi t ion i s s t a b i l i z e d upon en t ry i n t o the emer­
gency department as indicated by the change i n pa t ien t s t a t u s between the 
time the pa t ien t i s f i r s t seen by the ambulance attendant and the time tha t 
the pa t ien t en te rs the emergency department. 
Since you are very busy, I am only asking you to p a r t i c i p a t e because I need 
your expert input and believe t h a t t h i s s t u d y , when completed, can make a 
c o n t r i b u t i o n to the development o f emergency medical se rv ices evaluat ion i n 
t h i s country . 
Due to the nature o f the s t u d y , I can begin computer a n a l y s i s o f the q u e s t i o n ­
na i res only a f t e r I have received them a l l . I would T i k e to pick them up 
w i t h i n a week, i f a t a l l p o s s i b l e . Thanks f o r your i n t e r e s t i n t h i s s tudy . 




What do you want rwi to do? 
In this experiment, I am interested in obtaining your perception of the 
level of "stabilization" of a set of patients based on selected clinical in­
formation (e.g., vital signs). "Level of stabilization" will be represented 
on a stabilization outcome scale, as follows: 
Clinically Unstable 
























As indicated, this scale consists of three primary states: death (-100), 
stable (0), and normal (+100). Points between these states represent either 
deteriorating (-25, -50, -75) or improving conditions (+25, +50, +75). 
For the purposes of this study, a patient is defined as stable if: 
(1) Certain vital signs do not fall below minimum levels. 
(2) The patient's condition is not deteriorating at the point of 
measurement (e.g., upon entry to the emergency department.). 
(3) The patient's condition a^toA. zmeAgzncy pioczduAeA have, bzzvi poA^onmzd 
is improved or unchanged with respect to the patient's condition before 
treatment. The change in condition is to be measured in terms of 
vital signs. 
Houi VOAJUL my input be obtained? 
In order to conserve your valuable time, a structured group opinion 
method known as the Delphi technique will be used. The Delphi technique 
employs questionnaires to obtain information from a group of individuals. 
After the questionnaires are completed, individual responses are combined and 
a "group response" is compiled. Subsequently, this group response and any per­
tinent comments from individuals are "fed back" to the individuals together with 
a second questionnaire. Given the new information, individuals are requested 
to revise or refine their previous responses. The objective is to obtain 








Age: 4~7 Sex: 
On Scene In Emergency Department 
/to /2-0 90 /<7Z? 
2 4 -
L6vel of Stabil ization: (Check one block.) 
Cl in ical ly Unstable 





















+ 1 0 0 
Reasons/Comments: 











In Emergency Department 
/ 0 0 
Level of Stabil ization: (Check one block.) 
Cl in ica l ly Unstable 
)ead deteriorating condition 
Race: & 
Change 

















+ 5 0 
( ) 




ROUND TWO DELPHI QUESTIONNAIRE --PANEL #1 VERSION 
This appendix contains an abbreviated copy of the 
questionnaire used in the second round of the Delphi study 
This version of the questionnaire includes feed-back infor 
mation generated in round one by Panel #1 . 
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November 10, 1976 
Dear Dr. 
Thank you for taking time to fill out my questionnaire concerning the 
pre-hospital emergency stabilization of acute myocardial infarction 
patients. As you recall, a number of other physicians in the Atlanta 
area are participating in this study and the objective is to seek agree­
ment among this "panel" of physicians with respect to a quantitative 
measure of the patient's level of stabilization. 
Enclosed is a second questionnaire in which you are requested to reassess 
your perception of patient condition in light of other responses. To 
assist you in your reassessment, the average response of the panel, 
along with pertinent comments, is listed for each patient case. 
When you complete this questionnaire, please return it in the enclosed 
stamped envelope. Since I am rapidly approaching my thesis deadline, 
I would appreciate it if you would mail the questionnaire within a week, 
if at all possible. Again, please call me if you have any questions 
(Day: 894-4556; Evening: 262-7921). 
Thank you for participating in this study. Your interest and support 
are greatly appreciated. 




Wkcti do you want mz. to do? 
In this second and final phase of the experiment, I am interested in obtaining 
your reassessment of the level of "stabilization" of a set of patients based on 
selected clinical information (e.g-s vital signs). "Level of stabilization" will 
again be represented on a stabilization outcome scale. Please note that the scale 
has been altered to help improve its interpretation. 
Clinically Clinically 
Dead Unstable condition Stable condition "Normal" 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
100 -75 -50 -25 0 +25 +50 +75 +100 
As indicated, this scale consists of three primary states: death (-100), 
stable (0), and normal (+100). Points between these states represent either 
unstable (-25, -50, -75) or stable conditions (+25, +50, +75). 
For the purposes of this study, a patient is defined as STABLE if and only if: 
(1) Certain vital signs do not fall below minimum levels. 
(2) The patient's condition is not deteriorating at the point of measurement 
(e.g., upon entry to the emergency department.). 
(3) The patient's condition a{t&i emeAgmcy pnocoAuJiQA ka.v& b&m poA^o/umd 
is improved or unchanged with respect to the patient's condition before 
treatment. The change in condition is to be measured in terms of 
vital signs. 
A patient is defined as UNSTABLE if any ONE of the above conditions is not 
satisfied. 
Given the definitions of stable and unstable, the various points on the 
scale are further defined as follows: 




Patient stabilized -- all three of the conditions for stabilization are 
satisfied — intermediate levels of stabilization -- the higher the 
rating, the better the prognosis. 




Patient unstable -- one or more of the three conditions for stabilization 
are not satisfied -- the lower the rating, the worse the prognosis. 
-100 Patient clinically dead. 
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WST]W<^IONSj: Von. QjOLch O,< the following patients, pleciAe indicate, UCUA. 
leaA&eAAment of the level at wlUch you. pen.c2.ive the patient to 
be btcibilized according to the definition given on the pn.eviouJ> 
page. PLEASE NOTE THAT ATI OF THE PATIENTS HAVE HAV A HOSPITAL VJMNOSEV INFARCTION. 
CASE #: AGE: 4^1 SEX: /A RACE: pJ VITAL SIGNS: ON SCENE IN EMERGENCY DEPARTMENT CHANGE 
SBP /fro /to DBP /oo —/o PULSE //o RESPIRATION z-F-
LEVEL OF STABILIZATION: GROUP RESPONSE 





( ) ( ) ( ) ( ) (J) ( ) ( ) (HI) ( ) 
-100 -75 -50 -25 
0 +2i 
+50 +75 +100 
REPRESENTATIVE COMMENTS FROM THE GROUP-. 
LOW: (NO COMMENT). 
HIGH: APPREHENSIVE ON SCENE BP. 
OTHER: MINIMALLY SIGNIFICANT CHANGE—WHY THE RAPID RESPIRATION? 
SLIGHTLY IMPROVED SECOND DEGREE PULSE CHANGES-- MAY BE PSYCHOLOGICAL VERSUS 
RELIEF OF PAIN 
LEVEL OF STABILIZATION: CHECK ONE BLOCK INDICATING YOUR REASSESSMENT OF THE 
PATIENT'S LEVEL OF STABILIZATION. 
CLINICALLY CLINICALLY 
DEAD UNSTABLE CONDITION STABLE CONDITION "NORMAL" 
( ) ( ) ( ) ( ) (' ' ) ( ) ( ) ( ) ( ) 
-100 -75 -50 -25 0 +25 +50 +75 +100 
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UlSTRLfflUftlS:_ Von oacJi oft tha fiotiowincj pcutizntA, placet IndjlccUa yowi j%<La66<L&>£>m<Lv\J: o& tka ZnvcX at wlvick you peA.c2A.ve, the. patient to be. A^tabillzcd ac.CLon.dLnq to the. d^lnttlon given on tha. phevlouA paqe.. PLEASE Wl'E THAT ALL Of THE PATIENTS HAVE HAV A HOSPITAL VlWNOSEV I N F A R C T I O N . 
CASE #: tftf AGE: +(f S E X : f^- RACE: / 3 
VITAL S IGNS: ON SCENE I N EMERGENCY DEPARTMENT CHANGE 
SBP O 
DBP & /0O t-/0O 
PULSE 0_ TO f~fO 
RESPI RATION 
LEVEL OF S T A B I L I Z A T I O N : GROUP RESPONSE 
UNSTABLE CONDITION I STABLE CONDIT ION 
C I I N I C A L L Y 
DEAD 
C I I N I C A L L Y 
"NORMAL" 
( ) ( ) ( ) ( ) ( 1 ) ( L O ) ( ) ( H I ) ( ) 
100 -75 -50 -25 0 +25 +50 +75 +100 
REPRESENTATIVE COMMENTS FROM THE GROUP; 
LOW: (NO COMMENT). 
H I G H : DRAMATIC IMPROVEMENT O B V I O U S L Y - - V ITAL SIGNS NORMAL FOR S I T U A T I O N . 
MARKED IMPROVEMENT BUT NOT C L I N I C A L L Y NORMAL DUE TO INCREASED BP. 
OTHER: ( NO COMMENT). 
LEVEL OF S T A B I L I Z A T I O N : CHECK ONE BLOCK I N D I C A T I N G YOUR REASSESSMENT OF THE 
P A T I E N T ' S LEVEL OF S T A B I L I Z A T I O N . 
C L I N I C A L L Y C L I N I C A L L Y 
DEAD UNSTABLE CONDIT ION STABLE CONDIT ION "NORMAL" 
\ 
( ) ( ) ( ) ( ) 
9 
( ' ) ( ) ( ) : ) ( ) 
-100 -75 -50 -25 0 +25 +50 +75 +100 
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Supplemental Information 
• On the following scale, please indicate the degree of confidence that you 
have in your estimates of stabilization: 
• On the following scale, please indicate your degree of satisfaction with the 
concept of stabilization (as defined herein) as a basis for developing an 
intermediate outcome measure for emergency medical services evaluation. 
• In the present study, your perception of level of stabilization was based on 
limited information. What other information (measured on or before arrival 
in the ED) would you find helpful in assessing level of stabilization? 
• Do you have any additional comments? 
• The following biographical information is needed in order to characterize the 
general make-up of the panel (e.g., the average age of the physicians 

















ROUND TWO DELPHI QUESTIONNAIRE --PANEL #2 VERSION 
This appendix contains an abbreviated copy of the 
questionnaire used in the second round of the Delphi study. 
This version of the questionnaire includes feed-back infor­
mation generated in round one by Panel #2 . 
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November 10, 1976 
Dear Dr. 
Thank you for taking time to fill out my questionnaire concerning the 
pre-hospital emergency stabilization of acute myocardial infarction 
patients. As you recall, a number of other physicians in the Atlanta 
area are participating in this study and the objective is to seek agree­
ment among this "panel" of physicians with respect to a quantitative 
measure of the patient's level of stabilization. 
Enclosed is a second questionnaire in which you are requested to reassess 
your perception of patient condition in light of other responses. To 
assist you in your reassessment, the average response of the panel, 
along with pertinent comments, is listed for each patient case. 
When you complete this questionnaire, please return it in the enclosed 
stamped envelope. Since I am rapidly approaching my thesis deadline, 
I would appreciate it if you would mail the questionnaire within a week, 
if at all possible. Again, please call me if you have any questions 
(Day: 894-4556; Evening: 262-7921). 
Thank you for participating in this study. Your interest and support 
are greatly appreciated. 




What do you want me to do? 
In this second and final phase of the experiment, I am interested in obtaining 
your reassessment of the level of "stabilization" of a set of patients based on 
selected clinical information (e.g., vital signs). "Level of stabilization" will 
again be represented on a stabilization outcome scale. Please note that the scale 
has been altered to help improve its interpretation. 
Clinically Clinically 
Dead Unstable condition Stable condition "Normal" 
( ) ( ) ( ) ( ) ( ' ') ( ) ( ) ( ) ( ) 
-100 -75 -50 -25 0 +25 +50 +75 +100 
As indicated, this scale consists of three primary states: death (-100), 
stable (0), and normal (+100). Points between these states represent either 
unstable (-25, -50, -75) or stable conditions (+25, +50, +75). 
For the purposes of this study, a patient is defined as STABLE if and only if: 
(1) Certain vital signs do not fall below minimum levels. 
(2) The patient's condition is not deteriorating at the point of measurement 
(e.g., upon entry to the emergency department.). 
(3) The patient's condition afteA emergency pn.oeedun.ei> have been pen.{onmed 
is improved or unchanged with respect to the patient's condition before 
treatment. The change in condition is to be measured in terms of 
vital signs. 
A patient is defined as UNSTABLE if any ONE of the above conditions is not 
satisfied. 
Given the definitions of stable and unstable, the various points on the 
scale are further defined as follows: 




Patient stabilized — all three of the conditions for stabilization are 
satisfied — intermediate levels of stabilization -- the higher the 
rating, the better the prognosis. 




Patient unstable -- one or more of the three conditions for stabilization 
are not satisfied — the lower the rating, the worse the prognosis. 
-100 Patient clinically dead. 
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INSTRUCTIONS: Fox. za.dk ol the. loUbowlnQ patltnt&, plzcu>z indicatt youn 
KQjaA&eAAmvnt ol the. ZzveZ at which you peA.ceA.ve. the. patient to 
be. 6tabitizzd according to the. dtlinition given on the. pizvtouA 
pane. PLEASE UOTE TWAT ALL OP THE PA7ZEW73 MAI/E HAD A HOSPITAL 
VTMNOSEV INFARCTION. 
CASE #: f T / A g e ; 





^ 7 S E X : M 






LEVEL OF S T A B I L I Z A T I O N : GROUP RESPONSE 
UNSTABLE CONDIT ION I STABLE CONDIT ION 
C L I N I C A L L Y 
DEAD 
















REPRESENTATIVE COMMENTS FROM THE GROUP: 
Low: (No comments). 
High: Significant improvement. 
Other: SBP of 120 may be normal for a man this age. 
(HI) ( ) 
+75 +100 
LEVEL OF S T A B I L I Z A T I O N : CHECK ONE BLOCK I N D I C A T I N G YOUR REASSESSMENT OF THE 
P A T I E N T ' S LEVEL OF S T A B I L I Z A T I O N . 
C L I N I C A L L Y C L I N I C A L L Y 
DEAD UNSTABLE CONDIT ION STABLE CONDIT ION "NORMAL" 
L( ) ( ) ( ) ( ) ( ") ( ) ( ) ( ) ( ) 
-100 - 7 5 -50 - 2 5 0 +25 +50 +75 +100 
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INSTRUCTIONS: FON. EACH OF THE FOLLOWING PATIENTS, PLEASE INDICATE YOUA 
A.ecL6&e66men£ OF THE LEVEL AT WHICH YOU. PEN.CEI.VE THE PATIENT TO 
BE STABILIZED ACCON.DLNA TO THE DEFINITION GIVEN ON THE PIEVIOU* 
PAGE. PLEASE NOTE THAT ALL OF THE PATIENTS HAVE HAD A HOSPITAL 
VTMIOSEQ INFARCTION. 




















LEVEL OF STABILIZATION: GROUP RESPONSE 
CLINICALLY 
DEAD UNSTABLE CONDITION STABLE CONDITION 
CLINICALLY 
"NORMAL" 
( ) ( ) ( ) ( ) ( ') (L0) ( ) (HI) ( ) 
-100 -75 -50 -25 0 +25 +50 +75 +100 
REPRESENTATIVE COMMENTS FROM THE GROUP: 
L O W : GOOD WORK BY EMTS— STILL IN SERIOUS CONDITION AND COULD RAPIDLY DETERIORATE. 
HIGH: FAIRLY OBVIOUS. 
OTHER: (NO COMMENTS). 
LEVEL OF STABILIZATION: CHECK ONE BLOCK INDICATING YOUR REASSESSMENT OF THE 




UNSTABLE CONDITION STABLE CONDITION "NORMAL" 
l( ) ( ) ( ) ( ) ( ' ) ( ) ( ) ( ) ( ) 
-100 -75 -50 25 0 +25 +50 +75 +100 
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Supplemental Information 
• On the following scale, please indicate the degree of confidence that you 
have in your estimates of stabilization: 
• On the following scale, please indicate your degree of satisfaction with the 
concept of stabilization (as defined herein) as a basis for developing an 
intermediate outcome measure for emergency medical services evaluation. 
• In the present study, your perception of level of stabilization was based on 
limited information. What other information (measured on or before arrival 
in the ED) would you find helpful in assessing level of stabilization? 
• Do you have any additional comments? 
• The following biographical information is needed in order to characterize the 
general make-up of the panel (e.g., the average age of the physicians 
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